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Equivalent  numbers  and  patterns  of  early  infections  by 
the  pathogen  were  observed  on  root  ayatams  of  both  cultlvars 
exposed  to  50  chlaroydospores  per  gram  of  soil  for  2 weeks  in 
both  ecosystems.  Average  numbers  of  infected  coots  pec 
infected  seedling  varied  between  5.4  and  16.1;  more  than  80% 
of  iafections  occurred  on  first-order  roots,  which  were 

Development  of  coot  systems  was  not  altered  significantly  by 
iofection  during  Che  2 weeks  of  growth  in  infested  soil. 

Communities  of  microorganisms  developed  more  rapidly 
and  with  greater  diversity  in  association  with  tobacco  root 
systems  grown  io  raw  soil  as  compared  Co  chose  grown  in 
autoclaved  soil,  fungi  colonised  surfaces  of  first-order 
roots  more  densely  and  extensively  in  raw  soil  than  In 
autoclaved  soil.  A composite  of  organisms  which  colonised 
tobacco  roots  rapidly  ic  raw  soil  was  evaluated  tor  its 
ability  to  compete  with  the  pathogen  for  occupation  of  sices 
susoeptible  Co  infection  within  coot  systems.  Amendment  of 
soils  with  a composite  comprised  of  pcopagules  of 
Trichoderma  hacaianum,  Asoeraillus  catbonarlus,  Aspergillus 
Cerreus , Peniclllium  stecki i . and  pseudomonas  putida  did  not 
reduce  significantly  the  numbers  of  early  toot  infections. 
Soil  amendment  with  the  composite  was  associated  with 
increases  io  densities  of  fungi  and  fluorescent  pseudotnonas 
spp.  around  tobacco  roots  as  determined  from  plate  counts; 
however,  no  alterations  in  degree  of  root  surface  coverage 
were  observed.  Survival  of  Che  pathogen  in 


non-rhizo6phere  soil  was  not  influenced  by  anendnent  with 
the  composite.  Amendment  of  Infested  soils  with  the 
composite  was  associated  with  decreased  mortalities  of 
tobacco  aftec  90  days  of  plant  growth  in  the  glasshouse. 


(Mlcotiana 


slack  shank  is  a aeciouB  disease  of  tobacco 
tabacum  L.)  incited  by  the  sollbocne  pathogen,  phvtophthora 
parasitica  Dasc.  vat.  nicotianae  (Breda  de  Haan)  Tucket. 

This  pathogen  produces  several  types  of  spores,  including 
chla(oydospores , sporangiospores,  and  zoospores.  Zoospores 
are  able  Co  germinate  and  infect  tobacco  plants  either  at 
points  within  soot  systetns  or  along  Che  lower  stem  at  or 
near  the  soil  line  (40,  SO,  6S).  The  ability  of  other  types 
of  spores  Co  infect  various  tissues  of  tobacco  plants 
directly  has  not  been  documented  completely,  However, 
infections  of  several  plant  hosts  by  species  of  Phvtophthota 
have  been  observed  in  soils  infested  with  chlamydospores  of 
these  pathogens  (30,  3S,  40,  62,  83,  64). 

K number  of  environmental  factors  have  been  observed  to 
influence  the  behavior  of  phvtoahthora  spp.  Physical 
facCora  such  as  light  (9,  19,  33),  cenperacure  (9,  19,  36, 
79),  soil  water  potential  (17,  18,  79),  and  aeration  (63, 
64),  have  been  shown  to  influence  the  growth  and 
reproduction  of  these  fungi  as  well  as  Cheic  pathogenic 
Organic  substrate  composition  (16,  61)  and 
of  surrounding  aoiiborne  microorganisms  (12,  55, 


Residual  inoculum  of  2*  patasitica  var.  nicotianae 
cooeista  pradoninantly  of  chlamydospoeesj  which  occur  either 
freely  in  soil  or  within  infested  plant  debris  (40r  62), 
Initial  populations  of  the  pathogen  in  soil  are  extremely 
low  and  highly  aggregated  (20r  39) f hut  they  may  increase 


Secondary  Inoculum  is  produced  within  this  region  after  root 
infection  and  may  consist  of  sporangiSf  aoosporeS/ 

exception  of  oospores,  each  of  these  forms  of  inoculum  is 
capable  of  either  reinfecting  the  original  host  plant  or 
infecting  nearby,  noninfected  plants.  The  potential  for 


m dissemination  presents  a great  obstacle  to  the 
microorganisms. 

Incidence  of  infection  of  tobacco  has  been  evaluated  i 
relation  to  initial  inoculum  densities  of  some  of  these 
types  of  spores  {40,  78)i  patterns  of  infections  on 


t systems,  however,  hai 
In  particular,  the  susceptibilities  c 
to  infection  by  this  pathogen  have  nc 
controlled  conditions. 

A variety  of  microorganisms  has 
antagonistic  to  species  of  Phvtophthe 
types  of  bacteria  and  fungi  have  beer 


not  been  elucidated. 


been  evaluated  under 


reported  to  be 


Mith  de9raded  hyphae  and  ot 
in  field  soila.  A nunber  of  Chaao  organiana,  aa  well  as 
others  recovered  from  non*rhiaosphere  soil  or  the 
chizospherea  of  plants,  have  been  shown  to  produce 
raetabolitea  which  are  deleterious  Co  vegetative  growth  of 
Phytophthora  spp.  in  vitro.  Additionally,  observations  of 
soils  suppressive  to  Phvtophthora  spp.  have  been  reported  o 
many  occasions  i51);  however,  few  identifications  of 


f availability  o 


antagonists,  few  attempts  have  been  made  to  manipulate 
organisms  directly  to  control  diseases  caused  by 

by  introductions  of  antagonists  is  dependent  upon  an 
adequate  understanding  of  the  biology  of  P.  parasitica  var, 
nicotianae  in  nan-thizosphere  soil  end  in  association  with 
tobacco  plants.  Since  initial  inoculum  of  the  pathogeh  in 
soil  is  sparse,  it  is  unlilcely  Chat  sufficient  interactions 
could  be  encouraged  economically  between  populations  of  the 
pathogen  and  introduced  antagonists  Co  reduce  inoculum 
densities  of  p.  parasitica  vat.  nicotianae  to  significantly 

interactions  between  these  populations  eziac  within  the 
tobacco  rhiioaphecB,  since  this  is  the  region  in  which  the 
pathogen  is  biologically  vecy  active  but  vulnerable. 

be  manipulated  in  control  efforts. 


Effective  na 
e chizoaphere  o 
e betkavlocs  of 


lacion  at  intcoduced  antagonists  within 
bacco  also  requires  an  understanding  of 


ially  importanc  in  relation  to  the  development  of 
root  systems.  The  importance  of  host  root  growth  in 
to  the  development  of  epidemics  involving  soilborne 

Detailed  deacsiptiona  of  root  growth  have  been  provided 
for  very  few  plant  speciea.  Root  growth  of  tobacco,  in 
particular,  has  been  described  only  in  terms  of  weight 

i susceptible  to 


3 information  i 


infection  by  P.  parasitica 

These  studies  were  established 

growth  under  controlled 
roots  by  £.  parasitica  i 


:o  during  early  seedling 
Colonizatiun  of  these 

microbial  community  also  was 


evaluated.  A number  of  fungal  and  bacterial  isolates  were 
selected  on  the  basis  of  their  abilities  to  colonize  tobacco 
root  systems  rapidly  and  stably  over  time.  These  isolates 
were  combined  and  evaluated  for  their  ability,  as  a 
community,  to  occupy  niches  of  importance  to  the  pathogen 
and  to  reduce  infections  of  tobacco  roots  and  subsequent 
shank  development. 


black 


CH^tPTER  II 

RELATIONSHIPS  BETWEEN  THE  DEVELOPMENT  OP  ROOT  STSTEMS 
OP  TOBACCO  AND  ISPECTION  BY  PKYTOPHTHQHA  PARASITICA 
VAR.  NICOTIANAE 


Introduction 


aggregation  of  inoculum  o 


initial  density  an 
pathogen , 


LI,  20,  40f.  These  relationships  have  been 
n trials  conducted  in  plant  growth  rooms  and 
Incidences  of  infection  or  disease  have  Deen 
easures  of  the  outcome  of  numerous  cycles  of 
h occur  between  populations  of  tobacco  and 

e detailed  evaluations  of  patterns  of 
initial  infections  and  progressive  colonization  of 

greater  insight  into  events  associated  with  disease 
development  in  populations  of  plants.  This  would  provide 
information  on  which  strategies  of  disease  control  could  be 


demonstrated  i 

utilized  a 
interactions  wh 
this  pathogen  i 
development.  H 


Estimates  of  levels  of  infection  of  individual  plant 
coot  systems  at  defined  inoculum  densities  have  been 

by  Fusaclum  solani  f.  sp. 


pcov ided 


infected 


phaseol i , alfalfa,  lofected  by  Fusarium  app.,  Bhizoctonia 
spp.,  and  Pythium  app.,  and  peanut,  infected  by 
Cvl ind coclad ium  crotalariae  (15,  30,  89).  Theae  estiniatea 
have  been  zeported  in  terma  of  infections  pec  unit  length 
of  coot.  Unfortunately,  the  types  of  coots  Infected  have 
not  always  been  defined  clearly  and  the  aignificance  of 
paccicular  patterns  of  infection  could  not  be  assessed  in 

Generally  coot  systein  development  has  been  evaluated 


icder  of  appearance  of  coots  (4,  74). 
ntecpcetation  of  infection  patterns  msy  be 
visualizations  of  root  system  structure. 


on  chronolog 
Problems  in 
related  to  si 

interpretation  of  infection  patterns  might  b 
the  utilization  of  a scheme  of  root  system  development 
relevant  to  dynamic  analyses  of  interactions  with  pathogen 
populations . 

Efforts  to  provide  such  detailed  descriptions  foe 
infection  of  tobacco  in  field  situations  have  been  hampered 
by  the  ezteemely  low  initial  densities  of  inoculum  of  p. 


parasitica  v 


susceptible 
conditions  W' 

technology. 


loll.  Development  of 
t systems  is  likely  to  occur  before 
issues  contact  propagules  of  the  pathogen; 
f patterns  of  coot  infection  under  these 
uld  be  virtually  impossible  with  present 


In  this  study  infections  of  individual  coot  systens  of 
tobacco  uere  assessed  with  a defined  inoculuJii  density  of  p, 
betas itica  vat.  nicotianae  in  short  tetm  ttiala  in  a 
contcoLLed  SQvlronitent  within  a plant  provth  room, 
patterns  of  infection  were  assessed  in  relation  to  various 
root  tissues  as  defined  in  a quantitative  coot  analysis 
sys ten. 


Blichton  sand  was  passed  thcouqh  a 1-ns  sieve  and  used 
in  all  trials.  Initial  trials  were  established  in  a plant 
growth  room  to  assess  patterns  of  development  of  root 
systems  of  tobacco  oultivars  susceptible  aod  resistant  to 
p.  parasitica  var.  nicotianae.  Two-week-old  seedlings  of 

cultlvat,  Speight  G-28«  were  transplanted  individually  into 
lOO-ml,  polypropylene  beakers  containing  80  g of  raw  or 
autoclaved  field  soil  layered  over  apptosinately  IS  g of 
autoclaved  builder's  sand.  Autoclaved  soil  was  treated  for 
1 hour  on  each  of  two  auccessive  days.  Three  small  holes 
were  made  in  Che  bottom  of  each  beakec  to  provide  drainage. 

Plants  were  maintained  in  wateiing  trays  and  coveted 
with  clear  plastic  to  minimise  plant  desiccation  during  IS 
days  of  growth  at  2St2  C and  16  hours  of 
USin/m^/sBc)  pec  day,  seedlings  were  wat 


light  (700 


by  flooding  trays  to  a depth  of  1 cot  for  about  3 min  on 
alternate  days. 

Bvery  3 days,  five  seedling  root  systems  of  each 
tobacco  cultivar  Mere  removed  gently  from  both  raw  and 
autoclaved  soils.  Each  root  system  was  spread  carefully  on 
acetate  film  to  expose  all  roots.  The  numbers  and  lengths 
of  root  elements  in  defined  root  classes  were  recorded 
using  the  Micco-conp  data  acquisition  system  developed  by 
southern  Micro  instruments,  Inc.  (Atlanta,  GA  30346).  Root 
elements  were  as  defined  in  the  classification  scheme 
established  in  the  morphomstric  toot  analysis  system 
described  by  Fitter  (21).  Within  this  scheme  toot 
btaoching  is  defined  from  apical  meristems  inward  (Fig. 

2-1) . Any  root  which  terminates  in  an  apical  meristem  is 
defined  as  a first-order  root.  Where  two  first-order  roots 


the  element  of  tt 
elements  in  each 


union  of  a particular  coot  element  with 
;der  does  not  alter  the  classification  of 
latter  root  order.  A charaeteclstie  of 
r both  Che  numbers  and  lengths  of 


cs  proceeds;  first-order  root  tissues 


become  part  of  second-order  and  higher-orders  as  further 
branching  occurs  toward  the  apical  meristem.  Within  this 
dynamic  scheme,  coot  systems  are  divided  into  regions  of 
increasing  tissue  maturity  which  correspond  to  increasing 


. Root  growth  trials  were  conducced  twice.  The 
E seedling  Rieasuremenes  from  combined  trials  were 
utilized  to  derive  estinates  of  parameters  describing 
dynamics  of  root  syscem  development  and  patterns  of 
branching . 

resistant  tobacco  plants  by  P.  parasitica  var.  nicotianae 
were  evaluated  in  short  term  trials.  Isolate  P-230  of  the 
pathogen,  received  originally  from  the  Department  of  Plant 
Pathology  of  the  university  of  California  at  Riverside,  was 
utilized  in  all  infection  trials.  Cultures  were  maintained 
on  cornneal  and  V-8  juice  agars  and  were  transferred 
monthly.  Chlanydospores  of  this  pathogen  were  produced 
arenically  in  liquid  culture  by  the  method  of  Tsao  (90). 
Chlamydospore  inoculum,  free  of  viable  myceiluai,  was 
prepared  according  to  the  method  of  Ramirez  and  Hitchell 
(73).  Concentrations  of  chlanydospores  in  the  resulting 
suspensions  were  determined  from  counts  of  propegules  in  20 
haemocytoneter  fields. 

Suspensions  of  chlamydcsporea  were  added  to  both  raw 


and  autoclaved  field  soil! 

seedlings  became  infected 
infested  at  this  inoculum 


inoculum  densities 


. Infested  soil  was  added 
s according  to  Che  infested 


grans  of  soil  infested  with  the  pathogen  were 
E approxicnately  15  g of  autoclaved  builder's 
sand.  A final  layer  consisting  of  35  g of  either  raw  or 

infested  soil  layer.  This  procedure  was  used  to  allow 
undanaged  root  growth  of  tobacco  plants  from  the  upper 
noninfeated  soil  layer  into  the  infested  layer  of  soil 
below.  A two-weet-old  seedling  of  HicKs  or  Speight  G-28 
tobacco  was  transplanted  into  the  noninfested  soil  layer, 
fifteen  seedlings  of  each  tobacco  cultivar  were 
transplanted  in  this  manner  into  beakers  of  both  caw  and 
autoclaved  soils.  Control  treatments  consisted  of  six, 
2-week-old  seedlings  transplanted  singly  into  polypropylene 
beakers  containing  raw  or  autoclaved  soil  which  had  not 
been  infested  with  the  pathogen.  Transplanted  seedlings 
were  placed  in  watering  trays,  coveted  with  clear  plastic, 
and  grown  in  a plant  growth  rooni  at  25t2  C and  under  15 
hours  of  light  (700  uEin/n^/sec)  per  day.  Plants  were 
watered  from  below  on  alternate  days. 

After  2 weeks  of  growth,  15  asymptomatic  seedlings  of 
each  tobacco  cultivar  were  removed  gently  from  both  raw  and 
autoclaved,  infested  soils.  Tops  of  seedlings  were  removed 
and  root  systems  were  surface-disinfested  by  dipping  in  701 
ethanol  and  rinsing  in  three  changes  of  deioniaed  water. 
Each  coot  system  was  dissected  completely  accctding  to  the 
e morphometric  roct  analysis 
ere  plated  individually  onto  a 


system  (Fig.  2-1).  Boo 


selective  nediuni  containing  10  rog  plmaclcln  (Delvocidf  SOt 
a.i.,  Gist-BtocaOes,  N.  V./  Oelft,  Holland),  250  mg 
anpicillin  (aoditim  salt,  100%  a.i..  Sigma  Chemical  Co.,  St, 
Louis,  MO  63178),  10  mg  clCaoipicln  (Hlfaoiycin  SV,  100% 
a.i.,  Sigma  Chemical  Co,),  100  ng  pentachloconitcobenzene 
{TetEacloc,  75%  a.i.,  Olin  Mathieson  chemical  Cocp.,  Little 
Roc)c,  AH  72203).  50  ng  hynexyzol  (Kymexazol,  99.4%  a.i., 
SanKyo  Co.,  LTD..  Totyo,  Japan),  and  17  g Difco  cocnneal 
agac  (Difco  Labocatocles,  Detcoit.  Ml  48201)  in  1.0  liter 
oC  deionized  water  08).  After  Incubation  for  48  hours  in 


the  dar)c  at  25  C,  roots  were  exanined  f 

both  tobacco  cultivars  In  raw  and  autoclaved  soils.  The 
numbers  and  lengths  of  elements  in  each  root  order  were 
determined  for  each  of  six  infected  seedlings  of  each 
tobacco  cultivac  grown  in  infested,  raw  or  autoclaved 
soli.  Numbers  and  lengths  of  roots  were  determined  as  well 
for  each  of  six  healthy  seedlings  of  each  tobacco  cultivar 
grown  in  each  noniofested  soil,  trials  established  to 
evaluate  patterns  of  early  root  infection  were  conducted 


Influences  o 


system  development 


examining  experimental 


infection  and  host  root 
by  analysis  of  variance 
ts  were  selected  after 
appropriate  contrasts 


within  individual  trials 


Scheffe’a  intervals  ;25).  Comparisons  of  cossesponding 
treatment  effects  between  trials  were  made  using  student's 
two-sample  _t  teat  (2S). 

susceptibilities  of  various  tissues  within  Individual 
toot  systems  to  infection  by  2*  Parasitica  vat.  nicotianae 
were  evaluated  in  point  inoculation  trials,  zoospores  of 
the  pathogen  were  produced  by  the  method  of  Kannwischer  and 
Mitchell  (40).  suspensions  of  zoospores  in  a solution 
buffeted  with  10“’h  2- (N-motphollno)-ethanesulfonic  acid 
at  pH  6.2  were  diluted  to  provide  an  average  of  16 
zoospores  per  20-ul  drop. 


microscope  slides 
twice-autoclaved  s 


had  been  covered  with  a layer  of 
Seedlings  were  grown  on  soil-coated 
St  28  C in  16  hours  of  light  (100 


uEin/m^/sec)  per  day  for  an  additional  2 weeks.  Ht  that 
time  zoospores  in  a single  microdrop  were  applied  either 
just  behind  the  root  tip,  2 cm  behind  the  root  tip  but 


tissue  of  one  seedling.  A small  piece  of  parafilra  had  been 


placed  under  the  root  at  each  point  of  inoculation  to 
ensure  the  stability  of  the  droplet.  Inoculated  seedlings 
were  placed  in  moist  chsmbers  and  Incubated  for  4 hours 
prior  to  coveting  inoculation  points  with  moistened, 
autoclaved  soil.  Seedlings  then  were  returned  to  the 
incubator  and  after  48  hours  of  incubation,  inoculated 
roots  were  excised  from  seedlings.  Roots  were  dipped 


briefly  in  70)  ethanol,  rinsed  three  times  in  deionized 
tfatec , blotted  dry  and  plated  on  the  selective  medium  . 
Plates  were  incubated  for  48  hours  in  the  dart  at  25  C an 
examined  for  emergence  of  colonies  of  2*  parasitica  vat. 
nicotianae  from  inoculated  coot  tissues.  Trials  were 
conducted  three  times.  Hithin  each  tr 


each  of  the  three  points  on  root  systems  were  replicated 
ten  times.  Average  percentages  of  infection  at  each  point 
within  three  trials  were  transformed  by  arcsine  squarecooc 
and  compared  by  Tutcey's  multiple  comparison  procedure  for 
honestly  significant  differences  (25). 


During  15  days  of  growth  in  a place  growth  room,  th 
numbers  and  total  lengths  of  elements  within  different  t 
orders  of  Hicks  and  Speight  G-28 
similar  fashions  in  two  trials.  To  provide  e 
parameters  of  root  growth  which  might  be  encountered  i 
number  of  experiments 
prior  to  analysis.  T1 
lengths  of  elements  of  first-< 

an  exponential  function.  Whei 
relationships  were  linearized 
transfotraation,  coefficients  < 


numbers  and  total 

rurvfis  describing  these 
^ use  of  the  natural  log 
determination  were  always 


greater 


tobacco  during  growth  in  autoclaved  soil  (Fig.  2-2}. 


elements  of  each  root  order  were 


observed  for  each  tobacco  cultivar  in  both  soil  ecosystems 
at  each  sampling  date,  At  the  end  of  IS  days  of  growth. 


and  56  roots  pec  plant 


elements  of  first-order  roots  for 
tobacco  seedlings  varied  between  37 


I eng  the 


for  either  cultivar  in  eit 
Despite  such  variablility 
differences  detected  in  tt 
lengths  of  elements  of  fir 


ere  were  no  slguificant 


average  numbers  or  total 


In  association  with  either  tobacco  cultivar  or  soil 
ecosystem.  Throughout  the  growth  period  the  total  lengths 
of  elements  of  fitst-otder  coots  accounted  fur  a minimum  of 


851  of  the  average  total  seedling  coot  lengths. 

By  Che  end  of  the  15-day  growth  period,  root  systems 
of  some  tobacco  plants  had  branched  sufficiently  to  form 

elements  within  these  orders  did  not  form  until  at  least  6 
or  9 days  after  seedling  transplant.  Generally  only  one  or 
two  third-ordec  roots  were  observed  per  Hides  or  Speight 
G-28  tobacco  seedling  after  15  days  of  growth.  A maximum 
of  one  fourch-oeder  root  was  observed  for  any  seedling  by 


that  tine.  In  contrast  to  the  exponential  i 
total  lengths  of  elements  within  first-order  and 
second-order  root  classes,  average  lengths  of  roots  in  eac 
toot  order  increased  much  more  slowly  (Table  2-31. 

Further  evaluations  were  made  of  Che  rates  of 
increases  in  numbers  and  total  lengths  of  elements  of 
ficet-order  and  second-order  roots  Cor  tobacco  seedlings 
with  time  (211.  The  exponential  curves  which  described 
increases  in  numbers  and  total  lengths  of  coot  elements 
over  tine  were  linearised  by  use  of  the  natural  log 
transformation.  The  slopes  of  the  linearised  curves 
relating  numbers  of  elements  in  each  coot  order  (N)  to  tim 
(t)  were  defined  as  the  relative  mulcipllcaclon  races  of 


elements  i 


Similarly  the  slopes  of 
total  root  lengths  in  e> 
defined  as  the  relative 


l/L(dI./dtl  (cm/cm/dayl  . 

The  celacive  multiplication  cates  of  elements  of 
first-order  and  second-order  roots  of  either  cultivsr  were 


during  growth 


autoclaved  soils  (Table 


2-1) . Rates  of  multiplication  always  were  slightly  less 

tobacco  cultivar  during  growth  in  either  soil  ecosystem. 
The  rates  oC  root  length  extension  £oi  eleiDents  of 


Relative  e 
autoclaved  soil. 


f Hicks  tobacco  during  growth  in  raw  or 
a relationship  between  extension  rates 

case  of  Speight  G-28  tobacco  seedlings  grown  In  either  soil 
ecosystem.  The  relative  rates  of  total  seedling  root 
length  extension  were  very  similar  to  corresponding  cates 
of  extension  of  elements  of  first-order  roots.  Rates  of 
root  extension  also  were  evaluated  in  terms  of  average 
rates  of  extension  per  root  element  [cmi/root/day)  rather 
Chan  in  relation  to  existing  root  length  {cn/cm/day)  (Table 
2-2) . Wicbin  Che  morphometric  root  analysis  system,  this 
was  termed  the  apparent  unit  extension  rate  or  the  rate  of 
extension  per  element  per  coot  order  (21).  These  rates 
were  derived  from  a combination  of  parameters  of  root 
growth  as  follows: 


l/N(dt./dt)  (an/root/day) 


first-ocdei;  roots  for  Kicks  tobacco  in  autoclaved  and  caw 
soils.  Apparent  unit  extension  races  of  second-ocdec  coo 
wece  greater  than  those  of  ficsc-ordec  roots  of  Speight 

were  not  derived  for  thicd-ordec  ox  fourth-order  roots 
because  elements  within  these  orders  appeared  coo  late  In 
the  trial  period  to  provide  sufficient  values  for 

After  H days  of  growth  in  caw  or  autoclaved  soil 
infested  with  2*  parasitica  var.  nlcotianae.  a miniouir  of 
67)  of  tobacco  seedlings  were  infected  by  the  pathogen;  i. 

infected.  At  the  end  of  the  growth  period  only  one  or  cw< 
seedlings  in 


shank.  All  of  these  seedlings  exhibited  symptoms  typical 
of  black  shank,  but  they  were  not  evaluated  futthec  in  this 
study.  Ptevioosly,  howeuec,  direct  microscopic  observation 
of  stained  root  systems  of  such  seedlings  had  revealed  that 
first-order  roots  within  the  vicinity  of  the  root  crown,  as 
well  as  the  lower  stem  tissues  themselves,  always  had  been 
colonized  by  the  pathogen  (English,  unpublished). 

Within  each  of  two  trials,  no  significant  differences 
were  observed  in  the  average  numbers  of  infected  roots  per 
infected  Hicks  or  Speight  G-28  tobacco  seedling  in  raw  or 
autoclaved  soil  (Table  2-4).  The  average  numbers  of 
infected  toots  observed  per  infected  seedling  tanged  from 


10.1  to  16.1  and  from  5.4  to  12.3  in  trial  X and  trial  2, 
respsctively.  Typically  between  I and  31  infected  coots 
were  observed  on  any  single  infected  root  system.  The 
numbers  of  infected  toots  observed  per  infected  seedling 
varied  between  trials  only  in  association  with  Speight  G-2 
tobacco  grown  in  autoclaved.  Infested  soil  (p>0.05).  More 
than  80t  of  all  infections  per  infected  seedling  of  either 
tobacco  cultlvar  occurred  on  first-order  roots. 

The  efficiency  of  inoculum  of  a pathogen  describes  th 
proportion  of  propagules  that  infect  roots,  within  the 
present  study  the  number  of  chlamydospores  added  ro  a 
defined  amount  of  soil  was  controlled.  The  efficiency  of 
inoculum  for  observed  infections  therefore  was  defined  as 
the  ratio  of  the  total  number  of  infected  roots  observed 


tobacco 


system 


chlanydosporea  added  to  the  volmte  of  soil  in  which  each 
plant  was  grown.  The  average  efficiencies  of 
chlanydospores  of  this  pathogen  for  observed  infections  of 
both  tobacco  cultivars  in  raw  and  autoclaved  soil  were  very 
low  in  both  trials  and  varied  between  0.002  and  O.OOS 


(Table  2-4).  within  each  trial  average  Inoculuat 
efficiencies  did  not  vary  significantly  in  association  with 
either  cultivar  in  either  soil  ecosystem.  Efficiency 
varied  aignif icantly  between  trials  only  in  association 
with  Speight  G-28  tobacco  plants  grown  in  autoclaved. 


During  14  days  of  growth  in  infested  soils,  the 
development  of  root  systems  of  tobacco  was  not  altered 
significantly  by  infection  with  parasitica  vac. 


n particular 
significant  differences 
2-5]  or  total  lengths  (Table 
first-order  or  second-order  i 

fourth-order  roots  were  not  t 


^een  the  numbers  (Table 
>]  of  elements  of 
:s  per  infected  or  healthy 
cultivar  grown  in  either 
growth  of  third-order  and 
> as  elements  of  these 


orders  had  just  begun  to  appear.  Significant  differences 

second-order  roots  were  observed  sporadically  between 
trials  within  corresponding  treatment  combinations 
(p>0.05).  The  most  noticeable  differences  between  trial  I 
and  trial  2 as  regards  these  root  growth  e 


were  observed  in  association  with  Kicks  tobacco  seedlings 
grown  in  raw  or  autoclaved  soil  which  had  not  been  infested 
with  chlaitydospores  of  the  pathogen.  The  average  lengths 
of  root  elements  per  first-order  or  second-order  root  did 
not  vary  significantly  in  association  with  any  treatment 
combinations  within  or  between  trials  (Table  2-7).  Average 
lengths  of  fourth-order  roots  were  equal  to  zero  in  some 
treatments  because  elements  in  this  order  had  not  yet 
formed . 


To  evaluate  the  contributioh  of  host  plant  growth  to 

of  a pathosystem  must  be  achieved  consistently  in  repeated 
trials.  The  consistency  of  root  system  development  of 

root  systems  of  each  cultivar  in  the  infection  trials  to 

of  the  eatlier  time  course  trials.  Within  the  earlier 
trials  exponential  curves  describing  the  time-related 

n numbers  and  total  lengths  of  first-order  and 


natural  log  transformation.  First-order  linear  equations 
derived  by  regressioo  analyses  described  relationships 
between  transformed  values  and  time  very  well.  By 
interpolation,  estimates  were  made  of  the  expected  mean 
numbers  and  total  lengths  of  first-order  and  second-order 


roots  of  Hicks  [Table  2-8)  and  Speight  C-2S 
tobacco  seedlings  after  14  days  of  growth  in 


(Table  2-9) 


autoclaved  soil. 


intervals  a 


a expected  values. 


The  average  nusibec 
and  second-order  roots 
infection  trials  fell  v 

observed  values  of  the 
or  Infected  Speight  G-2 


: and  total  lengths  of  first-order 
ler  tobacco  seedling  in  the  two  root 
riably  within  the  range  of  expected 
nent  combinations,  virtually  all 
oot  growth  parameters  for  healthy 
tobacco  seedlings  (Tables  1-5  and 


3-6)  In  caw  ox  autoclaved  soil  fell  within  the  ranges  o 
expected  values  (Table  3-9).  Root  system  development  o 
healthy  or  infected  Hicks  tobacco  seedlings  in  raw  and 
autoclaved  soils  was  inconslst) 
observed  numbers  (Table  2-5)  ai 
of  first-order  and  second-ordei 
cultivar  in  both  soils  fell  be' 
expected  (Table2-3).  Patterns 
from  expected  ranges 
related  to  infection 


over  trials.  Very  often 
lotal  lengtha  (Table  2-6) 
lots  pet  seedling  of  this 
the  minimum  values 
deviation  of  these  values 
e not  obvious,  but  they  were  not 
plants  by  parasitica  var . 


After  14  days  of  growth  in  soil  infested  with 
chlamydoapores  of  the  pathogen,  up  to  20%  of  observed 
infections  per  root  system  of  tobacco  occurred  on 
second-order,  third-order,  or  fourth-order  roots.  It  was 
not  clear  whether  these  elements  had  become  Infected  after 
tissues  had  matuced,  or  if  these  coot  elements  had  become 
infected  when  they  belonged  to  the  first-order  root  class 
and  tissues  were  just  developing,  The  patterns  of 


infections  observed  after  inoculation  of  various  root 
tissues  with  zoospores  suggested  the  latter  to  be  the 
case.  Over  701  of  the  root  tips  inoculated  with  ao 


becane  infected  (Table  2*10).  percentages  of  infection  of 
older  root  tissues  after  inoculation  with  zoospores  were 
significantly  less  as  deteznined  by  Tubey's  multiple 
comparison  procedure  for  honestly  significant  differences 
(pwO.OS).  The  growth  of  roots  after  inoculations  at  the 
root  tip  was  variable,  very  often  infected  roots  continued 
to  extend  in  length  through  43  hours  of  incubation  without 
becoming  necrotic.  In  some  instances,  however,  growth  of 
infected  roots  ceased  and  the  apical  regions  became 
necrotic.  The  pathogen  was  isolated  readily  from  both 
types  of  roots.  Roots  inoculated  at  points  distal  to  the 
root  tip  never  developed  such  necrosis  after  infection. 
Direct  microscopic  observations  of  root  tips  48  hours  after 
inoculation  revealed  that  in  most  cases  sporangia  had 
formed  on  root  surfaces.  Such  secondary  inoculum  formation 
was  not  noted  in  association  with  inoculation  points 


elsewhere 


Figure  2-2.  Average  numbers  of  ficet-order  (o— O)  « 
second-order  and  third-order  O — □)  coots  observed 

per  Hicks  tobacco  seedling  during  15  days  of  growth  in 
autoclaved  field  soil  in  the  plane  growth  room. 
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Discussion 


Desciiptions  of  root  system  development  ttad itlonally 

scheme  coots  ace  defined  by  thelc  order  of  appeaesnee. 
Roots  produced  directly  from  the  base  of  a shoot  are 
defined  as  axes.  Lateral  roots  emerging  from  Che  area  are 
referred  to  as  primary  Laterals;  elements  arising  from 
these  roots  ace  termed  secondary  laterals  and  so  forth. 
According  to  the  model,  the  full  length  of  any  particular 
root  belongs  to  the  same  lateral  group. 

The  use  of  the  developmental  mod 
patterns  of  infections  by  pathogens  o 
systems  is  rather  cumbersome  and  may  1 
misinterpretations  of  these  patterns, 
be  difficult  to  quantify  points  of  infection  in  relation  t 
susceptibilities  of  toot  tissues  because  all  tissues  of  a 
coot,  regardless  of  physiological  age,  are  placed  within 
the  same  category. 


!l  for  analyses  o 
1 individual  root 


n particular  i 


The  morphometric  coot  analysis  system  devised  by 
Fitter  <21)  offers  a mote  definitive  model  for  such 
evaluations.  Within  the  scheme  of  this  system,  root 
systems  ace  divided  into  regions  of  increasing  tissue 
maturity  which  correspond  to  increasing  root  order.  Boot 
tiseuee  which  have  just  formed  belong  initially  to  the 
ficst-ocdec  coot  class.  As  these  segments  of  tissues 


further  branching 


ptorimsl 


successively  higher 


[□eEisteiDr  these  segments 
root  orders.  Changes  in 
root  systems  which  are  oi 
reflected  in  the  changes 


3 relative  proportions  of  total 
irious  physiological  ages  ace 
nudihecs  and  lengths  of  elements 


within  various  root  orders. 

Although  branching  of  root  systems  is  defined 
according  to  different  orientations  in  the  developmental 
and  morphometclc  models,  similar  patterns  of  coot  system 
development  are  described  by  the  two  models.  In 
particular,  increases  in  numbers  and  total  Lengths  of 
elements  in  each  lateral  group  or  root  order  have  been 


shown  to  proceed  exponenrially  during  early  plant  growth 
(21,  SB,  74).  Expressions  describing  relative  cates  of 

models  in  reference  Co  the  different  units  of 
classification  (21,  58,  74). 

Relatively  few  detailed  guantiCaClve  descriprions  of 
root  system  development  have  been  provided  using  either  of 
these  models.  The  developmental  model  has  been  used  most 
often  to  describe  the  development  of  root  systems  of 
various  field  crops  grown  under  different  fertilization 
regimes  (28,  58,  59,  72,  87).  Bloomberg  (7)  has  uClUied 
this  model  to  quantify  root  system  development  of 
Dooglas-fir  seedlings.  The  morphometric  analysis  system 
has  been  utillred  to  describe  in  detail  root  growth  of  two 


herbaceous  plant  species. 


In  the  present  study  initiel  descriptions  of  the 
development  of  tobacco  root  systems  have  been  provided. 
After  IS  days  of  growth  in  raw  or  autoclaved  soil,  the 
total  lengths  of  root  systems  of  Hicks  and  Speight  G-28 
tobacco  did  not  differ  significantly.  During  this  period 
of  plant  growth,  cates  of  coot  multiplication  and  extension 
veiled  somewhat  in  association  with  various  combinations  of 
cultivar  and  soil  treatment.  The  lack  of  differences  in 
total  seedling  root  lengths  at  the  end  of  Che  growth  period 
suggested  that  both  rate  of  root  multiplication  and  rate  of 
extension  were  important  in  determining  ultimate  seedling 
toot  length,  it  appears  also  that  a greater  value  of  one 
of  these  rates  nay  have  compensated  for  a lesser  value  of 
the  other  to  produce  equivalent  total  lengths  of  seedling 
roots  at  the  end  of  15  days  of  growth.  For  example, 
although  the  cate  of  multiplication  of  ficst-ocder  coots  of 
Speight  G-28  tobacco  was  greater  io  autoclaved  soil  as 
compared  to  caw  soil,  the  apparent  unit  extension  cate  of 
first-order  roots  of  this  cultivar  was  greater  in  raw  soil 
as  compared  to  autoclaved  soil  (Tables  2-1  and  2-2).  Both 
combinations  of  rates  gave  riae  to  equivalent  average  total 
seedling  coot  lengths.  The  nature  of  such  compensating 
effects  see  not  known.  Differences  In  these  rates  may  play 
an  important  role  in  defining  the  development  of  individual 
components  of  seedling  root  systems. 


Although  the  total  lengths  of  root  systems  of  the  two 
cultivars  were  not  significantly  different  after  IS  days  of 
growth,  total  lengths  of  Hicks  tobacco  tended  to  he  greater 
than  total  lengths  of  Speight  G-28  tobacco,  it  may  be  that 
significant  differences  would  have  become  apparent  given 
sufficient  additional  time  or  additional  repetitions  of  the 
test.  An  extension  of  the  period  of  root  growth  may  be 
□ecessary  to  evaluate  the  influences  of  small  differences 
in  rates  of  root  multiplication  and  extension  on  root 
system  development. 

The  values  of  parameters  of  root  growth  estimated  for 
tobacco  in  these  trials  must  be  accepted  only  for  the 
conditions  of  these  trials.  Parameter  estimates  may  depend 
on  a number  of  environmental  and  cultural  variables  within 
any  particular  experiment.  For  example,  direct  comparisons 
of  absolute  values  of  rates  of  root  multiplication  and 
extension  for  tobacco  cannot  be  made  with  those  estimated 
by  Fitter  (21)  for  P.  annua  and  R.  crispus  because  the 
latter  plant  species  were  begun  from  germinated  seed  and 
were  followed  through  41  days  of  growth.  In  contrast, 
analyses  of  tobacco  toot  growth  were  begun  at  the  time  of 
transplant  of  14-day-old  seedlings.  At  that  age  tobacco 
seedlings  all  had  a single  first-order  root  whereas 
seedlings  of  the  two  apecies  examined  by  Fitter  (21)  had 
produced  approximately  20  to  120  first-order  roots. 
Additionally,  tobacco  plants  were  grown  in  a plant  growth 
room  and  were  not  fertilised  after  transplant)  plants  in 


Fitter's  C2I)  experiments  were  fertilised  regularly  and 
were  grown  In  a glasshouse. 

Eveluaticms  of  the  development  of  root  systems  of 
tobacco  in  relation  to  a short  time  provided  only  a partial 

quantitative  descriptions  of  root  growth  in  relation  to 
space  over  the  entire  crop  production  period.  Such 
descriptions  are  of  importance  in  comprehending  the 
relationship  between  root  density  and  inoculum  distribution 
both  vertically  and  hotiaontally  in  the  soil  profile. 
Bloomberg  (7,  8)  evaluated  this  rslationship  between  root 
system  development  of  E>ouglas-fit  seedlings  by  soil  depth 
and  inoculum  density  of  F.  oicvspotum.  He  was  able  to 
incorporate  estimates  of  root  system  development  into  a 
predictive  model  for  damping-off  and  root  tot  of  seedlings 
caused  by  this  pathogen.  Drydeo  and  van  Alfen  (15)  and 
Hancock  (30)  also  nave  evaluated  such  relationships  between 
toot  system  development  and  inoculum  densities  of  pathogens 
of  pinto  beans  and  alfalfa^  respectively,  in  particular, 
Dryden  and  van  Alfen  (15)  were  able  to  demonstrate  the 
relationships  of  toot  infections  to  time  and  increasing 
depth  in  the  soil  profile.  Within  these  latter 
investigations  infections  were  quantified  either  in 
relation  to  the  proportion  of  infected  rootlets  (30)  or  to 
a uoit  length  of  total  toots  (15).  Such  units  of 
quantification  did  not  define  toot  system  morphology 
sufficiently  to  provide  insight  into  the  development  of 


epidemics  involving  soilbocne  pathogens 


Individual 


systems.  For  example,  neither  ot  these  units  of 
quantification  allowed  detailed  evaluations  of  early 
infections  of  root  sytems  in  relation  to  the  development  o 
susceptible  root  tissues. 

Processes  involved  in  the  development  of  epidemics 

evaluated  through  quantification  of  disease  in  terms  of 
incidence  on  a whole  plant  basis.  Disease  incidence  as  a 
measure  of  disease  progression  represents  the  end  result  o 
s cycles  of  Inceractions  between  populations  of  a 


host  plant  and  pathogen.  Typically  such  incidence  values 
have  been  transformed  on  the  basis  of  mathematical  models 
(2.  3/  37,  75,  91)  to  provide  biological  interpretations  of 
the  processes  of  disease  development.  Unfortunately, 
models  have  been  based  on  contentious  assumptions  and 
interpretations  of  processes  involved  in  disease 
development  have  come  under  challenge.  To  reduce  the 
complications  of  such  interpretations,  the  investigations 
of  early  coot  infection  of  tobacco  by  2*  parasitica  var. 

relationship  of  inoculum  end  susceptibilities  of  coot 
tissues  to  infection. 


An  imposed  short  period  of  growth  of  tobacco  in  soil 
infested  with  this  pathogen  allowed  for  quantification  of 
early  interactions  between  roots  of  these  plants  and  P. 
parasitica  vac,  nicotianae.  An  inocolum  density  much 


gcea ter 


than  that  typically  found  as  initial  inoculum  In 
the  field  was  used  in  the  present  experiments;  however, 
this  density  did  not  appear  to  overwhelm  the  system  in  the 
2 weeks  of  testing.  The  large  proportions  of  asymptomatic 
plants  and  the  low  average  numbers  of  observed  infected 


variation  in  nombera  of  infections  observed  per  infected 
seedling  supported  as  well  the  strongly  stochastic  nature 
of  Che  infection  process  in  situ.  Such  variations  in 
numbers  of  infections  would  be  expected  at  early  stages  of 
any  epidemic. 

Although  Che  numbers  of  observed  infected  roots  per 
infected  seedling  varied  considerably  within  and  between 
trials,  differences  rarely  were  significant.  Numbers  of 


infected  roots  pec 
efficiency  did  not 


infected  seedling  and  inoculum 
appear  to  be  sufficiently  s 
.0  compare  influences  of  culcivar  o 


ecosystem  on  early  infection  events.  It  was  thought  that 
m efficiency,  in  pacticular,  would  provide  a useful 
such  evaluations  because  it  is  dependent  on 
both  disease  incidence  and  numbers  of  infections  per 
infected  seedling.  Further  reductions  in  inoculum  density 
may  be  necessary  to  increase  the  sensitivities  of  these 
parameters  in  such  short  term  studies. 

The  values  of  inoculum  efficiency  in  this  trial  were 
very  low.  Such  low  values  reflect  the  low  probability  of 
compatible  interactiona  between  susceptible  toot  tissues 
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and  pathogen  propagules  in  soil  during  only  2 weeks  of 
tobacco  growth.  Efficiency  would  be  expected  to  Increase 
with  increasing  time  of  plant  growth  in  infested  soil.  The 
low  values  also  iciay  have  been  an  artifact  associated  with 
estimations  derived  from  the  ratios  of  numbers  of  infected 
coots  to  numbers  of  pathogen  pcopagules.  It  was  not 
possible  to  determine  if  more  chan  one  infection  had 
occurred  per  infected  root.  If  such  an  occurrence  was 
common,  then  Che  true  values  of  inoculum  efficiency  would 
have  been  greater  than  those  observed  in  these  trials. 

Estimations  of  efficiency  of  inoculum  of  soilborne 
pathogens  have  been  provided  la  only  one  other 
pathosystem.  Tomimacsu  and  Griffin  (B9)  reported  the 
efficiency  of  nicrosclerotia  of  Cvlindcocladium  crocalarlae 
for  infection  of  peanuts  at  103t.  This  value,  however,  was 
estimated  on  Che  basis  of  numbers  of  infections  per 
germinated  sclerotium  placed  within  Che  region  of  the  coot 
surfaces  of  peanut  plants.  Only  0.27  Co  0.291  of  these 
observed  infections  resulted  in  necroses  of  roots. 

The  lack  of  differences  in  observed  numbers  of 
infected  toots  per  infected  tobacco  plant  of  culcivars 
variably  resistant  to  P.  parasitica  vat.  nicotianae 
indicates  that  resistance  is  expressed  at  stages  of  disease 
development  beyond  initial  infection.  Several  authors  have 
reported  such  a lack  of  differential  response  of 
susceptible  and  cesiacanc  plant  cultivara  to  Initial 
infections  by  Phytophthora  spp.  (6,  10,  2S,  27,  60,  65). 
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A restricted  region  of  susceptibility  to  infection 
associated  with  tissues  just  behind  apical  meristems  was 
noted  as  well  in  a strawberry  cultivar  susceptible  to 
infection  by  p,  fcaqar iae  (26).  Although  zoospores  of  the 
pathogen  were  found  to  aggregate  and  encyst  on  surfaces  of 
strawberry  roots  as  fat  as  4 cm  behind  apical  [ter istema. 


The  possibility  also  exists  for  regions  of  increased 
susceptibility  on  older  root  tissues  in  association  with 
wounds.  Such  an  Influence  on  susceptibility  has  been 
reported  in  relation  to  infection  of  roots  of  shortleaf 
pine  by  £.  cinnamomi  and  tobacco  by  £.  parasitica  var. 
nicotianae  (16.  56).  The  inpoctance  of  wounds  in 
increasing  opportunities  for  infection  by  soilborne 
pathogens  likely  would  increase  with  time  of  growth  in 

The  continuation  of  root  length  extension  observed  in 
some  cases  after  inoculation  of  root  tips  with  £, 
parasitica  vat.  nicotianae  provided  insight  into  the  laclc 
of  differences  in  patterns  of  toot  branching  of  healthy  and 
infected  seedlings  observed  after  14  days  of  tobacco 
growth.  It  seems  li)cely  that,  during  that  period  of  plant 
growth,  root  extension  and  branching  continued  after 
intsotion  hy  the  pathogen,  with  sufficient  additional 
time,  root  necrosis  likely  would  have  occurred  and  patterns 
of  toot  growth  of  healthy  and  diseased  plants  perhaps  would 
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have  been  detectable  different.  These  experiments  were  not 
continued  to  such  a period  of  time  because  the 
extensiveness  of  root  growth  at  such  a time  would  have 
limited  analysis  of  complete  root  systems  Co  very  few 
plants.  The  results  of  these  short  term  trials  truly  may 
have  reflected  events  which  occurred  early  in  the  process 
of  plant  infection. 

Controlled  root  growth  of  tobacco  was  achieved 
variably  in  two  trials.  Growth  of  Speight  G-23  tobacco  was 
controlled  well  enough  Chat  numbers  and  lengths  of  roots 
fell  within  expected  ranges  during  the  14  days  of  plant 
growth  In  Infested  soils.  Root  growth  of  HicXs  tobacco  was 
controlled  less  effectively.  The  degree  of  control 
attained,  however,  was  encouraging  when  considering  the 
variations  Chat  could  be  expected  from  utilising 
transplants.  Variations  in  patterns  of  cost  growth  might 
be  less  in  trials  in  which  plants  were  begun  fcom  seed 

of  plant  growth  is  certainly  desirable  in  evaluations  of 
the  contributions  of  Che  host  root  component  to  pathosyscere 


behavior . 


CHAPTER  III 

THE  DEVELOPMENT  OP  MICROBIAL  COMMUNITIES  ASSOCIATED  WITH 
TOBACCO  ROOT  SYSTEMS 


Introduction 

Manipulations  o£  introduced  microbial  antagonists  to 
control  sollboroe  diseases  effectively  are  dependent  upon 
the  maxiRilzatlon  of  opportunities  for  Interactions  between 
populations  of  a pathogen  and  antagonists.  A thorough 
understanding  of  the  biological  activities  of  a pathogen 
and  antagonists  within  a soil  ecosystem  must  be  developed 


if  adequate  opportunities  for  efficient  interactions 
between  these  populations  are  to  be  provided.  This  concept 
IS  of  great  importance  In  developing  strategiaa  for 
biological  control  of  black  shank  of  tobacco  fHicotiana 

Phytophthora  parasitica  Dast,  vat,  nieotianae  (Breda  De 


Initial  populations  of  this  pathogen  in  soil  are 
extremely  low  and  highly  aggregated  (20,  39).  In  the 
absence  of  host  roots,  ptopagules  of  this  pathogen  within 

Attempts  to  reduce  low  Initial  populations  of  2-  Parasitica 
vat.  nieotianae  even  further  by  encouraging  interacticne 
with  populations  of  antagonists  would  be  futile 
economically.  Efficient  contact  between  any  two  at  more 


microbial  populatlt 


i-chizoshpeca 


likely  to  be  attained  because  oC  t 
heteropeneity  of  the  environment  1 
function  <l).  A mote  appropriate 
manipulate  antagonists  would  be  th 


:he  estenaiveneas  and 
in  which  these  populations 

ie  rhizoaphete  of  the 


tobacco  plant.  It  is  within  this  region  that  the  pathogen 
Is  biologioally  active  and  susceptible  to  influence  by 
antagonists.  In  addition,  this  region  represents  a much 
reduced  volume  of  soil  with  which  to  be  concerned. 

Control  of  black  shank  by  the  establishment  of  a 
microbial  community  antagonistic  to  parasitica  var. 
nicotianae  within  the  rhizosphere  of  tobacco  plants  has  not 
been  reported,  k prereguisite  to  the  development  of  a 
community  antagonistic  to  the  pathogen  within  the 

population  dynamics  and  patterns  of  soil  and  root  surfacs 
colonization  by  various  microorganisms  within  this  region. 
The  present  investigations  were  designed  to  ezamine  the 
patterns  of  development  of  microbial  communities  associated 
with  tobacco  coot  systems  in  both  stable  and  unstable  soil 


ecosystems  over  time.  Spatial  patterns  of  fungal 
colonizatioo  of  coot  surfaces  also  were  examined  in  these 


Materials  and 


Microbial  communities  associated  with  roots  of  tobacco 


were  evaluated  periodically  during  plant  growth  in  field 
soil  (Blichton  sand)  collected  from  Gainesville,  Florida. 

use.  One  half  of  the  soil  was  autoclaved  for  1 hour  on 
each  of  two  successive  days;  the  remaining  raw  soil  was  not 

Eighty  grams  of  raw  or  autoclaved  field  soil  were 
layered  over  IS  g of  autoclaved  huilder's  sand  in  100-ml, 


polypropylene  beakers, 
the  tobacco  cultivar  h 
beaker.  Seedlings  war 


Rs  was  transplanted  into  each 
grown  in  a glass  greenhouse  for 


alternate  days. 

Every  7 days  10  seedln 

soil  using  forceps  and  excei 
surfaces  by  gentle  shaking, 
was  considered  to  be  part  oi 


plants  were  watered  from  above  on 

aeedlings  were  removed  from  both  raw 
Whole  root  systems  were  teaeed  from 
IS  removed  from  root 
ill  adhering  to  roots 
part  of  the  rhizosphere.  Rhizosphare 
the  10  bulked  root  systems  removed 
1 by  swirling  roots  in  50  ml  of 


sterile  deionized  water  for  1 min.  Root  systems  then  were 
removed  for  further  processing. 


Bhizosphere  soil  suspensions 
appropriately  at  each  samplinp  C&' 
suspensions  were  pipetted  onto  media  selective 


diluted 

. 1-ml  samples  of 

, and  actlnomycetea . Estimates  o£  population 

developing  on  10  plates  per  medium,  populations  of  general 
fungi  were  determined  from  soil  suspensions  pipetted  into 
Petri  plates  containing  molten  potato  dextrose  agar  amended 
with  50  mg  of  chlortetracycl ine  hydrochloride  (90%  a.i.. 
Sigma  chemical  Co.,  St.  Louis,  MO  06S17)  and  1 ml  of 
Tergitol  NP-10  (Union  Carbide  Corp.,  Danbury,  CT  06817)  per 
liter  of  medium.  Plates  were  incobated  at  25  C under  12 


hours  of  light  (300  uBin/m^/sec]  per  day  and  examined  at 
7-10  days  for  colony  formation.  Populations  of  Pvthium 
spp.  were  determined  from  soil  suspensions  pipetted  onto 
the  surface  of  the  solidified  selective  medium  of 
Kannwischer  and  Mitchell  (40)  as  described  in  Chapter  II. 
colonies  were  counted  after  Che  plates  had  been  maintained 


populations  of  general  bacteria  and  actinomycetes  were 
determined  from  soil  suspensions  pipetted  into  Petri  plates 
containing  molten,  ooe-tenth  strength  tryptic  soy  agar 
(Oifco  Laboratories,  Detroit,  HI)  amended  with  50  mg 
cycloheximide  (Sigma  chemical  Co.)  per  liter  of  medium. 
Plates  were  examined  for  coLonies  of  general  bacteria  and 

C.  Populations  of  fluorescent  Pseudomonas  spp.  were 


population  densities  of  Che  various  miccooc^anisms  wichin 
the  rhisosphere,  coot  surface,  and  non-chiaosphece  soil 
regions  of  taw  and  autoclaved  soil  were  compared  at  each 
sampling  date  using  Lohrding's  test,  which  assumes  equal 
coefficients  of  variation  (2S). 

The  dispersion  of  fungal  hyphae  on  the  surfaces  of 

observation.  At  each  sampling  dace  three  additional 
seedling  coot  systems  were  removed  from  raw  and  autoclaved 


soil.  Each  c 


adhering  rhizosphece 
im- inf llcrated  for  3 mi 
r in  phosphate  buffer  a 
rinsed  briefly  in 


e morphometric  r 


analysis 
selected  £ 


i rinsed  gently  to  cen 

with  0.003%  brilliant  cresyl 

phosphate  buffer  (pH  7.4)  to 
Randomly  selected  first- 
seedling,  as  defined  in  t1 
system  (21)  and  described 
evaluation.  Five  mlcroecope  fields  were  selected 
systematically  along  the  full  length  of  each  first-order 
coot.  Hichin  each  field  determinations  were  made  of  Che 
number  of  intersects  between  fungal  hyphaa  and  grid  lines 
of  a Whipple  disc.  Estimates  of  hyphal  length  were  made 
using  Tennant's  modified  line  intecsect  method  (86). 
Between  2 and  20  randomly  selected  first-order  coots  were 

within  all  miccoacope  fields  pec  seedling  were  tsOulaced 


and  estimates  of  the  dispersion  parameCetf  k,  associated 
with  the  negative  binomial  distcibotion  were  developed  from 
analyses  utilising  the  computes  program  of  Gates  and 
Etheridge  (24) . Hyphal  aggregation  on  root  surfaces  was 
estimated  as  a function  of  k using  Lloyd's  indices  of  mean 
crowding  and  patchiness  (47).  Isolations  and  root 
colonization  trials  were  performed  twice. 


population  densities  of  various  microorganisms  ate 
presented  as  the  averages  of  estimates  of  the  two  trials, 
average  population  densities  of  total  detectable  fungi  in 
thisQspheres  of  Hicks  tobacco  plants  fluctuated 
considerably  during  28  days  of  plant  growth  In  taw  and 
autoclaved  soil  (Pig.  3-1).  Mithin  autoclaved  soil  315  » 
10  ptopagules  pet  gram  of  oven-dried,  rhizosphete  soil 
were  associated  with  toots  of  plants  grown  for  7 days. 
Estimates  of  total  populations  within  individual  trials 
differed  considerably  and  ranged  from  156  z 10^  to  474  x 
10  ptopagules  pet  gram  of  rhizosphete  soil  in  trial  1 
and  trial  2,  respectively.  Average  population  densities 
declined  rapidly  and  from  day  14  onward  remained  leas  than 
20  X 10  ptopagules  pet  gram  of  soil.  Minimum  and 
maximum  densities  of  1 x 10  and  32  x 10^  ptopagules 
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pet  9raei  oC  ihizosphere  soil  wete  deCected.  Average 
densities  of  fungi  in  the  thizoephetes  of  plants  grown  in 
taw  soil  varied  less  over  tine;  a maximum  average  density 
of  144  X 10  propagules  pec  gram  of  soil  was  encountered 
at  day  14.  Population  densities  in  the  rhizQsphere  regions 
of  the  two  soil  ecosystems  differed  significantly  only  at 
day  14  (p=0.l0l.  Densities  at  day  7 likely  were  not 
significantly  diffecent  between  the  two  ecosystems  because 
of  the  large  variation  io  estimates  of  densities  in  the 
autoclaved  soil  system  over  trials.  Average  population 
densities  of  total  fungi  within  the  rhisospheres  of  tobacco 
in  the  two  soil  ecosystems  essentially  were  the  same  after 

Average  population  densities  of  total  fungi  associated 
with  root  surfaces  of  Hicks  tobacco  plants  fluctuated  in  a 
manner  similar  to  that  for  populations  in  the  rhlaosphere 
{Fig.  3-2}.  A maximum  average  density  of  2929  x 10' 
propagules  per  gram  of  oven-dried  toots  was  associated  with 
tobacco  grown  in  autoclaved  soil  for  7 days.  Estimates  of 
denelties  within  individual  trials  varied  between  2155  x 
10*  and  3685  x 10*  propagules  per  gram  of  oven-dried 
toots  in  trial  1 and  trial  2,  respectively.  Densities  of 
fungi  associated  with  root  surfaces  in  this  soil 
environment  declined  steadily  with  further  plant  growth. 
Average  population  densities  of  fungi  associated  with  root 
surfaces  of  plants  grown  in  raw  soil  were  fairly  constant 
through  21  days  of  plant  growth.  Densities  of  fungi 


aesociated 

autoclaved 

(p-0.10). 


sucfaces  of  tobacco  toots  in  raw  and 
differed  significantly  only  at  day  7 


Fungal  propagoles  were  removed  efficiently  from  root 
surfaces  using  glass  beads.  Microscopic  examination  of 
root  systems  revealed  no  fungal  hyphaa  on  toot  surfaces 
after  shaking  with  glass  beads.  Bpidetmal  cells  and  toot 
hairs  did  not  appear  to  be  disrupted.  Preliminary  toot 
isolation  trials  utilizing  this  procedure  had  revealed  that 
agitation  for  30  min  provided  recovery  of  more  than  90k  of 
detectable  fungal  and  bacterial  ptopagules. 

population  densities  of  total  fungi  were  not 
significantly  different  in  taw  and  autoclaved, 
non-rhizosphete  soils  (Fig. 3-3).  Densities  of  total  fungi 
within  taw  soil  increased  steadily  from  day  7 through  day 
21  and  declined  tnereaftet.  Within  autoclaved, 
non-thizoaphete  soil,  average  densities  fluctuated  between 
1 and  4 X ID  ptopagules  pet  gram  of  soil. 

Population  denaities  of  bacteria  In  the  rhizosphere 
(Fig.  3-4)  and  at  coot  surfaces  (Fig.  3-5)  of  plants  grown 
in  raw  or  autoclaved  soil  did  not  differ  significantly 
(psO.lO).  Minimum  and  maximum  average  densities  detected 
in  the  rhizosphere  were  I x lo’  and  16  x lo''  colony 
forming  units  par  gcan  of  oven-dried  soil,  respectively. 
Minimum  and  maximum  average  densities  detected  at  toot 
surfaces  were  3 x lo’  and  47  x 10^  colony  forming  units 
per  gram  of  oven-dried  tools,  respectively.  Densities  also 


e Uss  than  2 X 105  c 


IFig.  3-71 


rhizosphere 


surfaces  of  plants  in  both  raw  and  autoclaved  soil  varied 
between  400  and  20,000  colony  forining  units  per  gram  of 
soil  or  roots.  Ko  obvious  patterns  were  observed  in 
fluctuations  of  populations  over  time.  Average  population 
densities  of  fluorescent  Pseudomonas  spp.  in  raw, 
non-rhlzosphere  soil  varied  within  a narrow  range  from  40 
to  140  colony  forming  units  per  gram  of  soil.  Average 
population  densities  in  autoclaved  soil  increased  from  6 to 
2,100  colony  forming  unite  per  gram  of  soil  between  days  7 


of  the  two  soil  ecosystems  were 
ptedominactly  genera,  families. 
The  numbers  of  t 


encountered  in  each  region 
determined.  Taxa  included 
and  fewer  defined  species, 
were  always  greater  within 


the  various  regions  of  the  ecosystem  with  raw  soil  than 
within  corresponding  regions  of  the  ecosystem  with 
autoclaved  soil  (Pig.  3-10).  In  taw  soil  matima  of  18,  18, 
and  16  taza  were  encountered  in  the  rhizosphete,  toot 


surface, and  non-rhizosphere  soil  regions,  respectively. 

The  number  of  tara  encountered  in  each  region  of  the 
ecosystem  with  autoclaved  soil  was  always  less  chan  the 
number  encountered  in  each  corresponding  region  of  raw 
soil,  fewer  than  five  caxa  were  encountered  initially  in 
Che  rhizosphere  and  at  the  coot  surfaces  of  plants  grown  it 
autoclaved  soil.  By  day  20  Che  numbers  of  taxa  cecovered 
from  the  rhizosphere  and  root  surfaces  increased  to  10  and 


fluctuation  w 


ecssyatem  wit 
teglona  of  raw 


U,  respectively,  in  autoclaved,  non-rhitosphece  soil  nine 
fungal  taxa  were  enoounceted  at  day  1 and  little 
IS  observed  thereafter. 

f fungal  connunities  within  the 
h raw  soil  contrasted  sharply  with  the 
n the  eeosystem  with  autoclaved  soil.  The 
f communities  of  fungi  within  the  various 
soil  were  fairly  constant  over  time.  Fungi 
of  the  genera  Penicillium.  Triehoderaa.  hspetoillus. 
Fusarium,  and  Cyl indtocaroon  colonized  the  rhizosphere 
(Table  3-1)  and  root  surfaces  (Table  3-2)  rapidly. 

Throughout  29  days  of  tobacco  growth,  these  fungi  accounted 
for  75  and  60  percent  of  the  total  recoverable  fungal 
propagules  associated  with  the  rhizosphere  and  root 
surfaces,  respectively.  Less  dominant  genera  and  families 
often  colonized  root  systems  more  slowly  or  sporadically 
during  plant  growth,  with  few  exceptions  fungi 
representing  genera  and  familiea  encountered  in  free  toil 
(Table  3-3)  also  colonized  the  rhizospheres  or  root 
surfaces  of  tobacco  plants.  Convarsely,  although 

»p-  Mternaria  sp.  were  recovered  from 
either  the  rhizosphere  or  toot  surface  regions  of  tobacco 
plants,  they  presumably  occurred  in  non-thizcsphete  soil  at 
densities  too  low  to  be  detected. 

Structures  of  communities  within  the  ecosystem  with 
autoclaved  soil  varied  over  time,  hlthough  population 
densities  of  total  fungi  in  the  rhizosphere  (Table  3-f)  and 


sucCaces  (Table  3-5) 


associated  with  root 
were  very  high  after  7 days  of  plant  gcouth,  over  951  of 
these  populations  were  accounted  foe  by  fungi  of  three 

Cylindrocarpon  sp.  With  tine  the  donlnance  of  these  few 
taxononic  groups  was  diminished  and  a greater  proportion  of 
the  total  fungal  population  was  comprised  of  other  genera 
which  included  Penici Illurn,  Trichoderma . and  Cladosporlum. 
the  community  of  fungi  associated  with  autoclaved, 
non-rhisosphere  soil  (Table  3-6)  included  a greater  number 
of  genera  and  families  at  earlier  sampling  dates  than  did 


the  communities  it 
of  this  ecosystem  (Fig. 

Fungal  hyphae  were 
of  plants  grown  in  both 

the  surfaces  of  first-oi 
much  more  extensive  wit) 
soil.  Apptoximately  70) 
along  the  lengths  of  sue 
fungal  hyphae;  only  301 
within  autoclaved  soil. 


rhlzosphere  or  root  surface  regions 
3-10) . 

t observed  commonly  on  root  surfaces 
I soil  ecosystems;  no  reproductive  or 
' observed.  Fungal  colonization  of 
>cder  roots  of  tobacco  plants  was 
:hin  raw  soil  than  within  autoclaved 
'%  of  the  microscope  fields  selectsd 
ich  roots  from  raw  soil  contained 
fields  contained  hyphae 


The  average  length  of  fungal  hyphae  along  the  length 
of  first-order  roots  was  greater  in  association  with  plants 
grown  in  raw  soil  as  compared  to  plants  grown  in  autoclaved 
soil  (Fig.  3-11).  The  average  length  of  hyphae  along 
surfaces  of  first-order  roots  in  autoclaved  soil  remained 


and  varied 


CairXy  constant  over  tine 
o£  hyphae  pet  10  cnn  of  first-order  toot  length.  The 
average  length  of  hyphae  along  surfaces  of  fitst-ordet 
roots  in  raw  soil  increased  rapidly  frora  day  7 to  day  14; 
thereafter  average  lengths  fluctuated  between  If. 7 and  21.2 
cti  hyphae  pec  10  on  of  first-order  roots. 

fungal  hyphae  were  dispersed  along  the  surfaces  of 
first-order  roots  of  tobacco  plants  in  an  aggregated 
fashion.  The  negative  binonial  distribution  described 
adequately  aver  90%  of  Che  populations  of  fungal  hyphae 
sanpled;  the  poisson  distribution  did  not  describe  any  of 
these  populations.  The  values  of  the  dispersion  paraneter. 
kr  associated  with  fungal  populatloos  do  surfaces  of 
first-order  roots  of  plants  grown  in  raw  or  autoclaved  soil 
were  vary  low  and  varied  between  0.05  and  0.85.  Values  of 
k were  always  less  in  association  with  fungal  colonization 
of  root  surfaces  in  autoclaved  soil  than  in  raw  soil. 

The  degree  of  aggregation  of  fungal  hyphae  on  rout 
surfaces  was  evaluated  utilizing  Lloyd's  index  of  nean 
crowding  and  Lloyd’s  index  of  patchiness  (47).  Kean 
crowding  estimated  the  relative  crowding  of  hyphae  in 
colonized  regions  along  the  length  of  root  surfaces  in 
terms  of  the  average  number,  per  hyphal  intersect,  of  other 
hyphal  intersects  with  reticule  grid  Linee  per  microscope 
field  in  which  hyphae  were  observed.  The  index  ignored 
chose  microscope  fields  which  were  devoid  of  hyphae.  This 
index  Is  defined  as  a function  of  Che  mean  number  of  hyphal 
intersects  per  microscope  field,  m,  and  k such  that 


AS  the  density  of  hyphae  in  colonised  regions 
increased,  the  value  of  mean  crowding  also  increased.  Hean 
crowding  of  fungal  hyphae  was  greater  in  association  with 
roots  in  raw  soil  than  in  autoclaved  soil  after  7 days  of 
plant  growth  (Fig.  3-12).  Values  of  mean  crowding  of 
hyphae  on  the  surfaces  of  roots  in  the  former  soil 
ecosystem  varied  between  35  and  50  after  an  initial 
increase  from  day  7.  Mean  crowding  of  hyphae  on  surfaces 
of  roots  within  the  autoclaved  soil  ecosystem  was  fairly 
constant  throughout  28  days  of  plant  growth  and  was  always 


The  aggregation  of  colonized  regions  along  surfaces 
of  first-order  roots  was  described  by  Lloyd's  index  of 
patchiness.  This  index  is  defined  as  the  ratio  of  mean 
crowding  to  the  mean  number  of  hyphal  intersects  per 
microscope  field  and  s 
parameter  such  that 


subsequently  is  related 


2c? 


Siooa  &/2O1X  s3nn0VdOdd 


DAYS  AFTER  PLANTING 


-74- 


DAYS  AFTER  PLANTING 


{ nos  6 / riio ) 001 


DAYS  AFTER  PLANTING 


(IIOS  6 / DiO)  901 


DAYS  AFTER  PLANTING 


( 1I0S  6 / nJD  ) DOT 


DAYS  AFTER  PLANTING 


8 = 9 


DAYS  AFTER  PLANTING 


DAYS  AFTER  PLANTING 


?i9*  3-10.  The  relationships  between  the  numbers  of  fungal 
taxa  associated  with  the  a)  rhlzoephere,  b)  coot  surface, 
and  c)  non'Chisosphere  soil  regions  of  Hicks  tobacco  plants 
and  period  of  growth  in  raw  c ■•  # ) os  autoclaved  (O— -O) 
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}ns  placed  on  solidified  potato  dextrose  a^ac 


TABLE  3-5.  Populations  of  fungi  that  colonised  the  root 
surfaces  of  Hicks  tobacco  plants  grown  in  autoclaved  field 

pcopagules  x 10^/g  soil 
at  days  after  planting^ 


Penicilliuni  sp. 
Tclchodernta  sp. 
Aspergillus  sp, 

Fusarium  sp , and 
Cvlindr'oearpon  sp. 


paecilomvces  sp. 
Gliocladium  sp. 
HvrotheciujB  sp. 
Fusicladium  sp. 
Cladosporium  sp. 


Alternaria  sp. 


propagules  x 10  per  g oven-dried r rhirosphere  soil 
eatiniated  from  numbers  of  colonies  derived  from  soil 
suspensions  placed  on  solidified  potato  dextrose  agar 
amended  with  50  mg  of  cblortetracycline  hydrochloride  and 
ml  of  tergltol  NP-10  per  liter  of  medium. 

— ■ population  not  detectable. 
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Fl9*  3-12.  The  celaCionshlp  between  a)  mean  crowding  (M) 
and  b)  Lloyd's  index  of  patchiness  (LIT)  associated  with 
hyphal  growth  of  fongi  on  surfaces  of  first-order  roots  of 
Kicks  tobacco  plants  and  period  of  plant  growth  in  raw 
or  autoclaved  (0 O)  field  soil. 
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If  regions  colonised  by  hyphae  along  the  sorfiaceB  of  roota 
were  dispersed  in  a random  fashion,  Lloyd's  index  of 
patchiness  would  he  equal  to  1.  As  the  aggregation  or 
clumping  of  colonised  regions  incteased,  values  of  this 
index  would  increase  as  well. 

The  aggregation  of  colonized  regions  along  the 
surfaces  of  first-order  roots  was  always  greater  in 
association  with  coots  of  plants  grown  in  autoclaved  soil 
as  compared  to  caw  soil  (Fig.  3-12).  Index  values 
associated  with  fungal  colonization  of  roots  in  caw  soil 
were  very  consistent  throughout  Che  period  of  plant 
growth!  values  of  this  index  varied  between  3 and  4. 

Index  values  associated  with  colonization  of  root  surface 
regions  in  autoclaved  soil  were  less  consistent  and  varied 


Discussion 


population  densities  of  total  fungi  within  the 
rhizosphere  and  at  Che  toot  surface  of  tobacco  were  fairly 
constant  during  26  days  of  plant  growth  in  caw  field  soil. 
Observations  of  constant  densities  of  fungi  associated  with 
young  plant  root  systems  have  been  made  previously.  Van 
Vuurde  (92)  reported  that  the  number  of  total  fungal 
propsgules  per  gram  of  fresh  toots  of  spring  wheat  did  not 
change  during  14  days  of  plant  growth,  Hornby  and  Ullstrup 


{34)  observed  that  populations  o€  total  fungi  within  the 
thizosphere  of  raaize  remained  unchanged  during  77  days  of 
plant  growth  io  the  field.  Increases  in  population 
densities  after  this  date  were  associated  with  a shift  from 
vegetative  to  reproductive  plant  growth. 

The  population  densities  of  total  fungi  detected  in 
the  rhizosphere  of  tobacco  plants  grown  in  raw  soil  in  the 
present  study  were  lower  than  densities  which  have  been 
reported  previously  in  association  with  tobacco  coot 
systems  (48,  88).  Timonin  {88]  reported  densities  of  total 
fungi  which  varied  between  240  and  940  a lO*^  propagules 
per  gram  of  rhizosphere  soil  of  two  tobacco  cultivacs.  The 
plants  had  been  grown  in  the  field  and  were  sampled  lace  in 
the  growing  season.  In  greenhouse  trials  population 
densities  of  total  fungi  in  the  rhizospheres  of  several 
cultivars  varied  between  58  and  112  x 10  ^ propagules  per 
gram  of  soli  during  23  days  of  growth  in  field  soil.  The 
differences  in  densities  of  fungi  associated  with  roots  of 
tobacco  in  the  present  study  and  chose  reported  by  Timonin 
may  be  related  to  the  greater  physiological  age  of  plants 
sampled  in  Che  earlier  investigation,  additionally, 
densities  of  fungi  in  free  soil  in  the  earlier  study  were 
ten  times  greater  than  Che  population  densities  in  caw, 
non-rhizosphece  soil  reported  here.  The  impact  of  larger 
populations  of  fungi  in  non-chizosphece  soil  on 
colonization  of  the  rhizosphere  of  tobacco  may  be  great. 
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The  decline  in  population  densities  o£  total  fungi 
associated  with  tobacco  toot  systems  duting  28  days  of 
plant  growth  in  autoclaved  soil  likely  occurred  as  roots 
penetrated  into  deeper,  sparsely  colonized  soil  layers. 
Recolonization  of  autoclaved,  non-rh izosphere  soil  by  fungi 
had  proceeded  very  slowly  during  this  growth  period. 

population  densities  of  total  fungi  in  autoclaved, 
non-chizosphere  soil  were  less  than  those  reported 
previously  during  equivalent  time  periods  after  various 
chemical  treatments  (41,  S4,  93).  Melvaett  (93)  and 
Katznelson  and  Richardson  (41)  observed  that  soils  treated 
with  steam  were  recolonized  by  fungi  more  slowly  than  were 
soils  treated  with  various  chemicals.  The  slower  rate  of 
recolonization  of  autoclaved  soil  in  the  present  study  may 
have  been  related  to  unfavorable  conditions  created  by 
treatment  (8D). 

The  diversity  of  a community  of  organisms  is  defined 
by  the  number  of  taxa  present  and  the  relative  numbers  of 
individuals  within  each  tazon  (66).  (iifferences  among  the 
diversities  of  fungal  communities  within  the  various 
regions  of  ecosystems  with  taw  and  autoclaved  soil  were 
noticeable  in  teems  of  both  variables.  Differences  in  the 
numbers  of  taxa  encountered  within  the  two  ecosystems  were 
most  noticeable  In  the  rhizospheres  and  at  the  root 
surfaces  of  tobacco  during  the  first  21  days  of  growth  in 
raw  or  autoclaved  soil.  Greater  numbers  of  taxa  were 
observed  within  these  regions  in  association  with  caw  soil 


as  compared  with  autoclaved  soil.  By  day  28  diffetences  in 
numbecs  of  taxa  detected  had  decreased.  Relative  numbers 
of  individuals  within  these  taxa  varied  between  ecosystems 
and  over  time  within  the  autoclaved  soil  ecosystem  itself. 
Species  of  Fusarium  and  Cvlindrocarpon  as  well  as  various 
yeasts  initially  were  able  to  colonise  rapidly  the 
unoccupied  substrates  within  autoclaved  soil  and  dominate 
Che  conuDunity.  with  time,  perhaps  in  response  to  changes 
In  environmental  conditions,  their  dominance  within  Che 
community  declined  and  ocher  organisms  were  able  Co  become 
established.  The  communicies  of  fungi  essociacad  with 
vacious  regions  of  the  ecosystem  with  raw  soil  were 

Cvlindrocsroon  and  yeasts  were  represented  in  much  lower 
relative  numbers  than  in  autoclaved  soil.  Within  the  raw 
soil  ecosystem,  species  of  Penicilllum.  Trichoderma.  and 
Aspergillus  dominated  Che  fungal  community. 

IntecpretaCion  of  relative  numbecs  of  propagules  of 
vacioua  fungi  was  difficult  in  terms  of  contribution  to 

difficulties  associated  with  determinations  of  the 
proportion  of  propagules  functioning  actively  in  soil,  it 
could  not  be  determined  readily  whether  Che  majority  of 
propagules  which  gave  rise  Co  colonies  on  agar  plates  were 
resting  structures  or  hyphal  fragments. 


The  rapid  establishmont  o£  numerous  fungal  tana  within 
the  chizoaphere  and  along  root  surfaces  of  tobacco  root 
systems  grown  In  raw  soil  agrees  with  observations  of  zak 
and  Parkinson  195].  These  authors  observed  a maximum  rate 
of  establishment  of  fungal  taxa  on  root  surfaces  of  slender 
wheat  grass  at  the  earliest  sampling  date  of  2 weeks.  In 
the  present  study/  the  more  rapid  development  of  diverse 
fungal  communities  associated  with  coot  systems  of  tobacco 
grown  in  caw  soil  as  compared  to  autoclaved  soil*  was 
likely  related  to  the  greater  diversity  of  fungi  within  the 
surrounding  raw,  non-ihi zosphere  soil.  Differences  in  both 
numbers  of  taxa  and  population  densities  of  fungi  between 
raw  and  autoclaved,  nonrhiaosphere  soils  were  teadlly 
apparent. 


The  genera  of  fungi  associated  with  the 
and  toot  surfaces  of  Hicks  tobaco  seedlioga  g 
soil  were  similar  to  those  reported  i 
several  ocher  plant  species  (23,  31, 

Comparisons  of  the  diversity  of  Che  fungal  c 
associated  with  root  surfaces  of  tobacco  wit 

associated  with  other  plane  species  a 
!cause  of  differences  in  sampling 


h diversities 


difficult  tn  make  because 
methodologies,  prior  to 
communities  associated  wi< 
method  of  Harley  and  Maid 
evaluated  the  composition 


is  study,  evaluations  of  £u 
root  surfaces  were  made  by 
31).  These  Investigstocs 
f fungal  communities  on  Che 


f freguencies  o 


occurrence  o 


2-iim  segments  of  toots  which  had  been  plated  on  solid 
nutrient  medium.  Roots  had  been  rinsed  serially  for  20  min 
pclct  to  plating  to  ensure  tenoval  of  viable  nonhyphal 
propagules.  In  several  studies  in  which  this  method  was 
utilised  (70,  82,  8S),  species  of  Cvlindtoeatpon.  Pusariun, 
and  Gliocladlum  were  among  the  most  common  encountered  as 
colonizers  of  root  surfaces.  Such  organisms  were 

tobacco  In  the  present  study. 

The  use  of  frequency  data  in  earlier  investigations  of 
root  surface  community  structure  allowed  for  limited 
estimation  of  coverage  of  these  surfaces  by  these 
organisms.  Several  Investigators  reported  patchy 
occurrences  of  fungal  hyphae  on  toots  of  several  plant 
species  during  early  stages  of  plant  growth  (23,  31,  70, 
82).  Time  of  sampling  in  these  reports  corresponded 
generally  with  the  sampling  periods  in  the  present  study. 
Generally,  over  time  the  percentages  of  uncolonized  root 
segments  were  reported  to  decrease  until,  in  some  cases, 
1003  of  the  coot  segments  plated  supported  fungal 
colonization  [23,  82).  Whether  smaller  regions  on  the 
surfaces  of  these  root  segments  remained  uncolonized, 
however,  could  not  be  determined  utilizing  the  plating 
technique  of  Harley  and  Wald  (11). 

Taylor  and  pathlnson  (85)  repotted  that  eolonizaton  of 

the  exception  of  a continuous,  uncolonized  region  near  tne 
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coot  tip.  These  authors  based  their  conclusions  on  direct 
observation  of  3-n  root  segments,  and  considered  a 
particular  segnent  colonized  if  only  one  hyphal  fcagcnent 
was  observed  eonevhere  along  its  length.  The  use  of  direct 
iniccoscoplc  observation  in  Che  present  study  allowed  more 
detailed  evaluation  of  fungal  coloniaation  of  root  surfaces 
of  tobacco.  Examination  of  fungal  colonization  along 
surface  segments  bounded  by  a Whipple  disc  700  u in 
diameter  revealed  Chat  colonization  of  root  surfaces  by 
fungi  was  obviously  patchy  during  20  days  of  plant  growth 

It  was  not  possible  Co  distinguish  between  species  or 
genets  of  fungi  developing  along  root  surfaces  by  the  use 
of  microscopic  observation.  The  spatial  relationships 
between  colonizing  fungal  species  within  this  region  are 
therefore  unknown.  However,  evidence  provided  in  earlier 
root  placing  experiments  suggested  that  early  in  the 
process  of  root  system  development,  occupation  of  a surface 
region  by  one  fungal  species  precluded  colonlzaCon  of  that 
same  region  by  other  fungal  species  [23,  31,  82).  As  root 
development  continued,  Che  percentage  of  regions  colonized 
by  more  than  one  fungal  species  increased. 

Lloyd's  indices  of  mean  crowding  and  patchineas  were 
derived  originally  to  describe  relative  aggregations  of 
individuals  within  animal  populations  (47).  He  suggested 
that  these  descriptive  pataraecers  were  valid  only  it  the 
e relatively  care  in 


individuals  within  a population  u 


coQt  surfaces  in  caw  soil  as  compared  to  autoclaved  soil 
were  supported  by  consistently  greater  values  of  Lloyd’s 
index  of  mean  crowding  associated  with  the  former  soil 

plelou  (71)  states  that  mean  crowding  and  Lloyd'a 
index  of  patchiness  ate  independent  of  the  mean,  ra. 

However,  examination  of  the  definitions  of  these  indices 
reveals  that  both  descriptive  parameters  ace  dependent  on 
the  mean  number  of  hyphal  intersects  per  microscope  field, 
and  therefore  average  hyphal  length,  it  is  not  surprising 
that  the  relative  values  of  mean  crowding  and  Lloyd's  index 
of  patchiness  in  the  raw  and  autoclaved  soil  ecosystems 
varied  directly  with  relative  values  of  average  hyphal 
lengths  in  the  two  soil  ecosystems. 

Thus,  the  development  of  a complete  picture  of  fungal 
coloniaation  of  surfaces  of  first-order  roots  reguices 
consideration  of  the  proportion  of  occupied  microsccpe 
fields  and  average  hyphal  lengths  as  well  as  mean  crowding 
and  Lloyd’s  index  of  patchiness.  The  use  of  such 
quantitative  measures  provides  at  least  initial 
descriptions  of  site  occupation.  The  development  of  such 
base  line  information  is  necessary  if  it  is  desired  to 
evaluate  the  influence  of  imposed  treatments  on  ecosystem 
behavior . 


CHAPTER  IV 

THE  lUPLUBHCE  Of  Atl  INTRODUCED  COMPOSITE  OF 
MICROBIAL  ANTAGONISTS  ON  INFECTION  OF  TOBACCO 
BY  PHYTOPHTHORA  PARASITICA  VAR.  HICOTIANAE  AND 
DEVELOPMENT  OF  SLACK  SHANK 

Introdqction 

Many  attempts  have  been  made  to  control  diseases  caused 
by  soilbotne  pathogens  through  manipulations  of  single 
microbial  antagonists  (13).  Such  attempts  have  met  with 
variable  success.  Very  often  initial  selections  of 
antagonists  have  been  based  on  such  expcessions  of 
antagonism  as  inhibition  of  pathogen  growth  or 
hyperparasicism  in  vitro.  Less  emphasis  has  been  placed  on 
the  abilities  bf  selected  antagonists  to  express  desirable 
antagonistic  traits  in  situ.  An  additional  important 
criterion  in  the  selection  of  antagonistic  microorganisms  is 
the  ability  of  such  organisms  to  colonize  rapidly  and  stably 
the  niches  of  critical  importance  to  pathogen  activity 
within  soil  or  in  association  with  host  plants;  selections 
of  other  antagonistic  chatacterlstics  might  better  be  made 
secondarily  to  this  critetion.  Rapid  and  stable 
colonization  of  such  critical  sites  might  be  achieved 
efficiently  by  the  manipulation  of  a composite  of 
microorganisms  which,  as  a group,  would  be  resistant  to 
fluctuating  environmental  conditions. 


The  coacept  that  a biological  pest  might  be  eUminatefl 
ftora  its  normal  niche  within  an  ecosystem  by  manipulations 
of  other  community  components  of  that  ecosystem  is  not  new 
(66).  Recently,  Marois  and  Mitchell  (53,  54)  were  able  to 
reduce  the  Incidehce  of  crown  rot  of  tomato.  Incited  by 
Fusarium  oxyspotum  f.  sp.  radicia-Ivcooersici ■ through  the 
addition  of  four  Isolates  of  antagonistic  fungi  to  freshly 
fumigated  soil.  These  combined  isolates  colonized  the 


build-up  of  saprophytic  populations  of  this  pathogen  and 
subsequently  incidence  of  plant  infection. 

Such  an  approach  may  be  appropriate  as  a method  of 
control  of  black  shank  of  tobacco  IHicotiana  tabacum  L.) 
which  is  incited  by  Phytophthora  parasitica  Oast.  var. 
nicotianae  (Breda  de  Haan)  Tucker,  initial  populations  of 
this  pathogen  in  non-rhizosphere  soil  are  very  low  and 
highly  aggregated  (20,  391.  The  pathogen  is  capable  of 
little,  if  any,  saprophytic  growth.  Thus,  it  would  be 
difficult  to  attain  sufficient  interactions  between 
populations  of  introduced  antagonists  and  the  pathogen  to 
attain  significant  reductions  of  inoculum  density  in 
non-thizosphete  soil. 

Populations  of  the  pathogen,  however,  do  build  up 
rapidly  in  association  with  developing  root  systems  of 
tobacco  (22,  39) , Infection  of  tobacco  roots  occurs 
predominantly  in  the  restricted  zone  of  elongation  lost 
behind  the  apical  meristem  (50,  Chapter  ii) . increases  in 
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poputacion  densities  in  the  rhizosphere  lilcely  ate  the 
tesult  o£  secondaty  inoculuai  production,  including  sporangia 
and  zoospores,  on  the  surfaces  of  infected  roots.  It  is 
within  the  rhizosphere  of  tobacco,  in  particular  in  the 
regions  of  root  tissues  susceptible  to  infection,  where 
interactions  between  populations  of  P.  pa rasitica  var. 
nicotianae  and  microbial  antagonists  are  likely  to  be  most 
effective  in  limiting  disease. 

Investigations  were  established  to  evaluate 
colonization  of  critical  sites  by  an  introduced  composite  of 
competitive  microorganisms  capable  of  rapid  colonization  of 
regions  around  tobacco  root  systems,  of  particular  interest 
initially  was  the  contribution  of  such  site  occupation  to 
reductions  of  infections  of  tobacco  roots  by  the  pathogsn. 
The  influence  of  this  composite  of  antagonists  on  long  terra 
development  of  black  shank  also  was  esamined. 


Materials  and  Methods 


Trials  were  established  in  a plant  growth  room  to 
evaluate  the  ability  of  an  Introduced  composite  of  fungi  and 
bacteria  to  colonize  sites  susceptible  to  infection  by  P. 
parasitica  vat.  nicotianae  within  root  systems  of  tobacco 
and  to  reduce  the  number  of  early  infections  of  a 
susceptible  tobacco  cultivar.  competition  for  occupation  of 
such  sites  was  evaluated  in  stable  and  disrupted  soil 
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ecosystems  as  represented  by  raw  and  autoclaved  soils, 
respectively.  The  composite  was  cocnprlsed  of  fungi  and 
bacteria  which  were  known  to  colonize  developing  root 
systems  of  tobacco  in  taw  field  soil  rapidly  and  stably  over 
time.  Single,  randomly  selected  isolates  of  Tr ichoderma 
harzianum  Rifai,  ksperaillus  carbonatius  (Bainler)  Thorn,  A. 
terreus  Thom,  penicillium  stecki i Zaleski,  and  Pseud ornonas 
putlda  (Ttevisan)  Kigula  were  selected  without  evaluation  of 
other  antagonistic  characteristics. 

Each  fungal  isolate  was  grown  on  potato  dextrose  agar 
for  2 weeks  at  25  C and  12  hours  of  light  13E)EJ 
UEin/m^/sec)  per  day.  Conldia  were  washed  from  the 


surfaces  of  colonies  and 
counts  in  20  haemocytometer  fields.  Thi 
putida  was  grown  on  King's  medium  B [42 
C in  the  dark,  and  the  bacterial  cells 
centrifugation,  washed,  and  resuspended 
Densities  of  bacteria  in  suspensions  wei 
the  percentages  of  transmission  of  light  at  6D0  m 
suspensions  and  subsequent  interpolations  along  a 
standardized  light  transmission  versus  bacterial  i 

Conidia  and  bacterial  cells  of  each  isolate  i 
combined  in  suspension  before  amendment  of  soil;  : 
autoclaved  field  soil  (Blichton  sand)  was  amended 
composite  of  1 x lo’  conidia  and  bacterial  cells  i 
f soil,  soil  had  been  prepared 


ere  determined  from 

an  were  pelleted  by 

determined  from 
at  6D0  nra  through 


descr ibed 


suBpensione  o£  chlamydospoces  of  Isolate  p-210  of  £, 
parasitica  vat.  nlcotianae  wete  prepared  as  described  In 
Chapter  II,  Chlasiydospores  were  added  to  composite-acoended . 
raw  and  aotoclaved  soils  Co  establish  an  inoculum  density  of 
50  chlamydospores  per  gram  of  soil,  Chlamydospoces  also 


were  added  to  non-amended , raw  or  autoclaved  soil  at  the 
same  inoculum  density.  Amended  soil  infested  with  the 
pathogen  was  added  to  100-ml , polypropylene  bealcers 
according  to  the  infested  soil  layer  method  described  in 
Chapter  IX.  However,  the  upper  soil  layer  which  wes  not 

with  propagules  of  the  introduced  composite  to  match  the 
conditions  of  the  center,  infested  soil  layer.  A 2-weelc-old 
HicKs  tobacco  seedling  was  tcansplanted  into  Che  noninfested 
soil  layer  of  each  container,  Fifteen  seedlings  were 
transplanted  in  this  manner  in  both  amended  and  non-amended, 
raw  and  autoclaved  soils  infested  with  p,  pacasi tica  vac. 
nlcotianae.  Control  cceatmencs  consisted  of  sir  seedlings 
planted  singly  into  polypcopylene  taeahers  containing  amended 
or  non-amended,  raw  or  autoclaved  soil  not  infested  with  the 
pathogen.  Tcansplanted  seedlings  were  maintained  in 
watering  trays  and  covered  with  clear  plastic  in  a plant 
growth  room  at  25*2  C under  16  hours  of  light  (700 
uCin/ra  /sec)  pec  day.  Plants  were  watered  from  below  by 
flooding  trays  Co  a depth  of  1 an  for  about  3 min  on 
alternate  days. 


The  patterns  of  infections  of  tobacco  roots  were 
evaluated  after  14  days  of  plant  growth  in  each  soil 
ecosysteni.  fifteen  asymptomatic  seedlings  were  removed  from 
both  amended  and  non-amended,  raw  and  autoclaved  soils  which 
had  been  infested  with  P.  parasitica  var . nicotianae.  Tops 
of  seedlings  were  removed,  and  root  systems  were 
surface-disinfested  by  dipping  in  701  ethanol  and  rinsing  in 
deionised  water.  Each  root  system  was  dissected  according 
to  the  classification  scheme  of  the  morphometric  root 
analysis  system  (21)  and  root  segments  were  plated  on 
selective  medium  as  described  in  Chapter  II. 

Colonization  of  the  rhisospheres  and  root  surfaces  of 
tobacco  plants,  as  well  as  of  the  non-rhitosphore  soil,  by 
the  composite  of  fungi  and  bacteria  was  evaluated.  Ten 
seedlings  were  removed  from  amended  and  non-anended , raw  at 
autoclaved  soil;  toot  systems  were  bulged  by  treatment, 
populations  of  introduced  species  as  well  as  other  fungi  and 
bacteria  were  estimated  in  the  various  regions  of  each  soil 
ecosystem  as  described  in  Chapter  in. 

Sit  additional  seedling  toot  systems  from  each  amended 
soil  infested  with  P.  parasitica  var.  nicotianae,  and  three 
seedling  root  systems  from  each  soil  not  Infested  with  the 
pathogen  were  evaluated  tor  coot  system  development  as 
described  in  Chapter  ti.  colonisation  of  surfaces  of 
fi*^st-ordec  roots  of  three  of  these  same  seedlings  by  fungi 
within  each  soil  ecosystem  was  evaluated  as  described  in 
Chapter  in.  Influences  of  tieaements  on  infection  and  host 


root  system  deveXopnent  were  evaluated  by  analysis  of 
variance  within  each  trial.  Since  contrasts  were  selected 
after  examining  experimental  outcomes,  appropriate  contrasts 
between  treatments  within  individual  trials  were  made  using 
Scheffe's  intervals  (25).  Comparisons  of  corresponding 
treatment  effects  between  trials  were  made  using  Student's 
two-sample  t test  (25).  Trials  of  competition  between 
composite  organisms  and  P.  parasitica  var.  nicotianae  in  the 
plant  growth  room  were  conducted  twice. 

Further  evaluations  were  made  of  the  iofluences  of  the 
introduced  composite  of  microorganisms  on  populations  of  the 
pathogen  in  non-thisosphete  soil.  Raw  or  autoclaved  field 
soil  was  infested  with  50  chlamydospores  of  the  pathogen  per 
gram  of  soil.  Each  infested  soil  was  amended  with  a 
composite  of  1 x lo'  conidia  and  bacterial  cells  of  each 
composite  isolate  per  gram  of  soil  or  was  left  non-amended . 
One-Xilogram  samples  of  soil  amended  with  composite  isolates 
and  infested  with  the  psthogen  were  moistened  to  15% 
gravimetric  soil  moisture  content  and  placed  into  individual 
closed  plastic  containers  with  small  holes  to  allow  air 
exchange.  Containers  were  weighed  daily  and  deionized  water 
was  added  as  needed  to  maintain  constant  soil  moisture. 
Periodically  during  a 56-day  period,  a single  soil  sample 
was  taXen  from  each  treatment  combination  to  a depth  of  3 cm 
using  a surface-disinfested  corlt  borer.  Samples  were 
diluted  appropriately  and  plated  onto  media  selective  for 
general  fungi,  fluorescent  Pseudomonas  app. , and 
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Phvtoohthora  spp.  as  flescribea  in  Chapter  III.  Estimates 
population  densities  of  fungi  and  bacteria  were  derived 
the  average  numbers  of  colonies  of  each  organism  on  10 
plates  of  each  medium.  AC  each  sampling  date,  mean 


densities  of 

procedure  fo 
Evaluations 


£ parasitica  vac,  nicotianae  in  the  four 
compared  by  Tukey's  multiple  comparison 
9r  honestly  significant  differences  i25) . 
of  interactions  between  populations  of  microbes 


in  the  composite  and  F 
non-rhiaosphere  soil  were  performed  four  times. 

The  Influence  of  the  introduced  composite  of 
antagonists  on  long  term  development  of  black  shank  was 
evaluated  in  glasshouse  trials.  Two  hundred  grams  of 
amended  or  non-amended,  raw  or  autoclaved  field  soil  were 
infested  with  5 chlamydospores  of  the  pathogen  per  gram  of 
eoil  and  were  layered  over  autoclaved  builder's  sand  in 
individual  lO-cn  pots.  Over  this  was  layered  200  g of  raw 
or  autoclaved  soil  amended  with  1 x 10^  propagules  of  each 
composite  isolate.  A single,  4-week-old,  Hicks  tobacco 
plant  was  transplanted  into  each  pot.  Control  treatments 


consisted  of 
autoclaved  sc 
propagules  of 
parasitica  va 


a seedlings  transplanted  into  taw 
nich  had  or  had  not  been  amended  w 
composite  but  was  not  infested  wl 


above  on  alternate  days; 
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vatet  twice  each  weeK.  Plants  were  saaieined  every  5 days 
for  expression  of  synptonis  of  black  shank,  including  wilting 
and  sceir  discoloration.  To  confirm  infection  by  p. 
parascica  vat.  nicotianae,  symptomatic  plant  root  systems 
were  removed  from  soil,  surface-disinfested  by  dipping  in 
701  ethanol,  rinsed  in  deionized  water  and  plated  onto 
selective  medium  (33).  Trials  were  conducted  three  times. 
Influences  of  amendments  of  composites  in  soil  on  mortality 
of  Hicks  tobacco  after  90  days  of  growth  were  evaluated  by 
analysis  of  variance.  Proportions  of  disease  were 
transformed  by  arcsine  squareroots  and  appropriate  contrasts 
is  were  made  using  scheffe's  intervals 


Amendment  of  raw  or  autoclaved  field  soil  wit)i  a 
composite  of  microbial  isolates  was  associated  with  large 
increases  in  propagule  densities  of  fungi  and  fluorescent 
Pseudomonas  spp.  within  the  rhizosphetes  and  root  surfaces 
of  Hicks  tobacco  plants  after  2 weeks  of  growt)i.  large 
increases  in  densities  of  these  organisms  were  noted  in 
non-rhirosphere  soils  as  well,  Absolute  densities  and 
relative  increases  in  densities  of  fungi  were  quite  variable 
in  association  with  soil  amendment.  Population  densities  of 
total  fungi  within  the  various  regions  of  the  ecosystem 


with  autoclaved  soil  were  between  500  and  4000  times  greater 
than  densities  of  total  fungi  in  non-acnended , autoclaved 
soil  in  two  trials  (Table  4-1).  Densities  of  total  fungi  in 
regions  of  the  ecosystem  with  taw  soil  increased  only  two- 
to  seven-fold  in  association  with  soil  anendnient.  Within 
various  regions  of  the  ecosystem  with  non-amended, 
autoclaved  soil,  recoverable  propagules  of  fungal  species 
belonging  to  microbes  in  the  composite  represented  between  0 
and  65*  bf  the  total  population  of  fungi  (Table  4-2). 

Within  amended,  autoclaved  aoil  the  percentages  of 
recoverable  propagules  of  total  fungi  in  various  regions 
comprising  introduced  species  was  greater  than  95*.  In 
non-amended,  taw  soil  propagules  of  fungal  species  within 
the  composite  accounted  for  55  to  65*  of  the  population 
density  of  total  fungi  in  all  regions.  A.TLendment  of  raw 
soil  with  propagules  of  these  Isolates  increased  the 
contribution  of  the  species  to  the  total  fungal  community; 
more  than  75*  of  recoverable  propagules  were  of  species 
introduced  in  the  composite  of  antagonists.  Other  fungi 
observed  commonly  within  various  regions  of  this  ecosystem 
Included  Fusarium  spp.,  Cvlindroearoon  spp.,  and  other 
species  of  Penici Ilium  and  Trichoderma . 

Population  densities  of  fluorescent  Pseudomonas  spp.  in 
various  regions  of  raw  and  autoclaved  soils  not  amended  with 
the  composite  were  quite  variable  (Table  4-3).  Densities  of 
fluorescent  Pseudomonas  spp.  in  various  regions  of  amended 
soils  increased  between  3 and  75  cimea  within  autoclaved 
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denslties  of  these  bacteria  in  respective  regions  of 

population  densities  of  introduced  fungi  and 
fluorescent  Pseudomonas  spp.  associated  with  roots  of  Hicks 
tobacco  after  3 weeks  of  growth  in  ecosystems  with  amended , 
autoclaved  and  taw  soil  generally  were  not  maintained  at  the 
levels  initially  established  (Tables  4-3,  4-4,  4-S) . Aftet 
2 weeks  of  plant  growth  in  amended,  autoclaved  soil,  t. 
hartianum  dominated  the  community  of  fungi  within  the 
rhisosphere  or  in  non-chizosphere  soil.  The  community  of 
fungi  associated  with  coot  surfaces  was  not  dominated  by  any 
particular  fungal  species;  most  introduced  species  were 
represented  fairly  equally.  However,  A.  catbonarius  was  not 
detected  in  association  with  root  surfaces  in  this  soil 
ecosystem  in  either  trial.  Within  the  rhizosphetes  and  at 
root  surfaces  of  Hicks  tobacco  plants  grown  in  amended,  raw 
soil,  harzianum  was  Che  least  commonly  recovered  fungal 
species  (Table  4-5).  Communities  in  all  regions  of  raw  soil 
were  comprised  of  fairly  equivalent  population  densities  of 
A.  terceus,  A.  cacbonarius . and  P,  steckii. 

Amendment  of  soil  with  the  composite  was  not  associated 
with  any  alterations  in  patterns  of  colonization  of  surfaces 
of  first-order  coots  by  fungal  hyphae  (Table  4-6).  Average 
lengths  of  hyphae  and  mean  crowding  were  greater  in 
association  with  roots  from  taw  soil  Chan  from  autoclaved 
soil.  Conversely,  Lloyd’s  inde*  of  patchiness  was  greater 


h roots  fron  autoclaved  soil  than  from  raw 
soil,  Aiaendmant  o£  soila  did  not  alter  significantly  values 
of  these  parameters  within  soil  ecosystems.  Absolute  values 
of  parameters  did  vary,  however,  between  the  two  trials. 

The  patterns  of  infection  by  £.  pa rasitica  var. 
nicotlanae  of  Hides  tobacco  seedlings  grown  in  infested  raw 
or  autoclaved  soil  were  not  altered  significantly  by 
amendment  of  these  soils  with  the  composite  of  fungi  and 
bacteria  (Table  4-7).  percentages  of  plants  infected  in  two 
trials  varied  between  60  and  100»  and  were  not  correlated 
with  any  particular  treatment  combinations.  In  all 


treatment  combinations,  the  majority  of  infections  occurred 
on  first-order  toots.  The  average  numbers  of  Infected  mots 
observed  per  infected  seedling  grown  in  amended,  raw  soil 
were  less  than  the  numbers  observed  per  infected  seedling 
within  non-amended , raw  soil  in  both  trials;  however, 
differences  were  not  significant  (pwO.05).  The  numbers  of 
infected  roots  observed  per  infected  seedling  In  autoclaved 
soil  were  not  altered  significantly  by  soil  aroendement  in 
either  trial  (p^O.QS),  In  a similar  manner,  inoculum 
efficiencies  did  not  vary  significantly  in  association  with 
any  treatment  combination. 


Analyses  of  patterns  of  root  growth  were  restricted  to 
elements  within  the  first-order  and  second-order  classes 
(Tables  4-8  and  4-9).  Hoots  within  higher  orders  previously 
had  been  noted  to  form  very  late  during  14  days  of  plant 
growth  (Tables  2-1  and  2-2).  The  numbers  and  total  lengths 


of  t&ird-ocdec  and  foureh-ordec  roots 
were  quite  variable  in  association  with  late  development  of 
elements  within  the  fourth-order  class  in  particular.  In 
many  treatment  combinations  fourth-order  toots  had  not 
appeared  by  the  end  of  the  period  of  plant  growth  (Tables 


Comparisons  were  made  between  estimated  values  of  root 
growth  parameters  of  infected  and  healthy  seedlings.  As 
determined  by  analysis  of  variance,  amendment  of  soil  with 
the  composite  of  microbial  isolates  was  not  associated  with 
any  changes  in  toot  system  development.  The  numbers  (Table 
4-8)  and  total  lengths  (Table  4-3)  of  first-order  and 
second-order  roots  pet  seedling  varied  significantly  within 
both  trials  in  association  with  both  seedling  infection  and 
soil  treatment.  Patterns  of  change  in  toot  system 
development  in  association  with  these  two  main  effects  were 
variable  by  trial.  Changes  in  development  were  observed  to 
be  consistent  within  both  trials  only  in  association  with 
seedling  infection;  the  influence  of  soil  treatment  on 
values  of  pataraetets  was  variable  by  trial.  The  average 
numbers  and  total  lengths  of  first-order  and  second-order 
coots  of  healthy  plants  were  significantly  greater  than  the 
numbers  and  lengths  of  these  toots  of  infected  plants  when 
summed  over  ecosystems  with  caw  and  autoclaved  soil 
(P'0.05).  A significant  interaction  between  seedling 
infection  and  soil  treatment  was  observed  in  relation  to  Che 
numbers  and  total  lengths  of  first-order  and 


second-order 
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toots  per  seedling  only  In  trial  1.  within  this 
classification  significant  ceductions  wete  noted  in  values 
of  these  growth  parameters  of  infected  plants  as  compared  to 
healthy  plants  only  as  averaged  over  amended  and 
non-amended , raw  soils  ipwg.OS],  within  this  same  trial  hO 
significant  differences  in  these  prarmeters  of  growth  were 
observed  between  infected  or  healthy  seedlings  grown  in 
amended  or  non-amended,  autoclaved  soil.  Within  trial  2,  no 
significant  differences  in  estimates  of  these  peraneters 
were  observed,  although  values  were  lower  in  association 
with  infected  seedlings  than  nan-infected  seedlings  in  all 
ecosystems  with  amended  or  non-amended  soil.  The  average 
total  lengths  of  all  roots  pet  seedling  vsrled  significantly 
in  association  with  var: 


the  total  lengths  of  first-order  and  second-order  roots  pel 
seedling  (Table  4-9).  In  contrast  to  the  patterns  of 
variations  of  numbers  and  total  lengths  of  fltst-otdet  and 
second-order  toots  pet  seedling,  the  average  lengths  of 


these  toots  per  seedling  did  not  vary  significantly  in 
association  with  any  treatment  combination  (Table  4-10). 

Significant  differences  in  estimates  of  growth 
parameters  were  observed  between  corresponding  treatments  of 


trial  1 and  trial  2.  Such  differences  were  not  correlated 
with  any  particular  treatment  combinations.  Within  trial  1 
observed  average  numbers  and  total  lengths  of  first-order 
and  second-order  toots  of  plants  within  the  majotity  of 
treatment  combinatione  fell  outside  the  9S%  confidence 
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soilborna  fun9i  tFig.  4-2).  Population  densities  of  each 
intioduced  fungal  species  cemained  telatively  stable  between 
10.000  and  52.000  propagules  per  gram  of  soil;  the  numbers 
of  recoverable  propagules  of  each  species  from  day  0 onward 
represented  only  about  10  to  50%  of  the  numbers  initially 
added  to  caw  soil,  population  densities  of  composite  fungi 
in  non-amended.  caw  soil  were  ouch  lower  and  varied  between 
only  350  and  10.000  propagules  per  gram  of  soil  for 
individual  species;  these  fungi  accounted  for  only  about  35 
to  482  of  recoverable  fungal  propagules. 

within  amended,  autoclaved  soil,  population  densities 
of  Trichoderma  haraianmum  increased  steadily  over  time  and 
dominated  the  fungal  community  (Fig.  4-3).  Densities  of 


this  fungus  increased  from  about  400,000  propagules  pec  gram 
of  soil  at  day  0 to  5.5  x 10  propagules  per  gram  of  soil 
at  day  56.  Densities  of  other  introduced  species  varied 
between  only  12,000  and  51,000  propagules  per  gram  of  soil. 
Introduced  fungi  accounted  for  more  Chan  96%  of  propagules 
of  total  fungi  at  all  sampling  dates.  Population  densities 
of  community  members  in  non-amended,  autoclaved  soil  were 
extremely  variable  and  accounted  for  anywhere  from  1 Co  87% 
of  the  total  population  of  fungi  detected  at  any  single 
sampling  date.  No  pattern  was  observed  In  such  fluctuations 
over  time.  Densities  of  individual  species  within  the 
composite  fluctuated  between  O.S  and  1,700  propagules  per 
gram  of  soil,  no  obvious  patterns  of  dominance  by 
individual  composite  members  were 


observed 
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Figure  4-1.  The  relationship  of  population  density  of 
Phvtopnthora  parasitica  vat.  nicotianae  to  tine  in 
autoclaved  field  soil  not  amended  CO— — O)  or  amended  (#-  — #) 
with  a composite  of  antagonists,  and  in  caw  field  soil  not 
amended  {o— -A)  or  amended  with  the  composite.  The 

composite  of  antagonists  was  comprised  of  propagules  of 
Tr lehoderma  harz ianuro,  Asperq i 1 lus  terreua , A.  carbonacius. 
Penici 11 lum  atechi l~ and  Paeudoroonas  putida.  soils  were 
infested  initially  with  50  chlamydospores  of  the  pathogen 
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Figure  4'2.  The  relationship  of  population  densities  of 

Trichoderina  hanianuji  (O 0)  . Aaperoillus  cacaonerlous 

CA—  . A ) , A . terieuB  (♦—  -•  J , and  penlclllium  a seek  1 1 
to  time  in  taw  field  soil  amended  with  pcopagules  of  thesi 
organisms  end  Pseudomonas  putida  and  infested  with 
propagules  of  Phv tophthora  parasitica  var , nlcotianae. 


Figure  4-3.  The  relationships  o(  population  densities  of 
trichoderma  hattianum  (O — . Aspergillus  carbonarious 

to  time  in  autoclaved  field  soil  anended  with  propagules 
these  organisns  and  Pseudomonas  ^utida  and  infested  with 
propagules  of  phvtopnthora  parasitica  var.  nicotianae. 
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Figure  4-4.  The  relationships  between  population  densities 
of  fluorescent  pseudomonas  spp.  to  time  in  autoclaved  field 
soil  not  amende3~lo— OT~or  amended  (^ -•)  with  a composite 
of  antagonists,  and  in  raw  field  soil  not  amended  (A—  A)  or 
amended  (4 — with  the  composite.  The  composite  of 
antagonists  was  comprised  of  propagules  of  Trichoderroa 
harrianum,  Ssoergillus  terteus,  ft.  carbonarlus.  Penlcillluffi 
stack i i~and  Pseudomonas  putida.  Soils  also  were  infested 
with  propagules  of  phvtopnthora  parasitica  var.  nicotianae. 


Discuaalon 


Attempts  were  made  to  amend  soil  with  a composite  of 
fungi  and  bacteria  which  would  preclude  infection  of  tobacco 
by  parasitica  var.  nicotianae  through  rapid  colonisation 
and  occupation  of  infection  sites  within  coot  systems.  The 
extent  of  colonisation  of  the  rhisospheces  and  coot  surfaces 
of  Hicks  tobacco  and  of  non-chisosphere  soils  by  these 
competitors  varied  between  soil  ecosystems.  Within  the 
rhisospheces  and  within  non-chisosphece  soil  of  the 
ecosystem  with  amended*  autoclaved  soil*  for  example* 
population  densities  of  T.  harsianum  increased  to  levels 
greater  than  those  initially  established.  Similar  increases 
in  densities  of  fluorescent  pseudomonas  spp.  were  observed 
in  these  regions  of  this  ecosystem  of  one  trial.  In  all 
regions  of  the  ecosystem  with  amended,  raw  soil*  these  and 
all  other  introduced  species  never  attained  densities 
established  initially  (1  X 10^  propagules  per  gram  of 
soil),  population  densities  of  introduced  microbial  species 

initially  established  densities  in  soil  because  estimates  of 
those  densities  were  made  in  relation  to  unit  dry  weight  of 
roots.  However*  relative  densities  of  introduced  species 
varied  In  a manner  similar  to  those  observed  within 


surrounding  rhiaosphete 


ecosystem 


anenCed,  autoclsved 


harsianum  and  putida  were  the  only  introduced  species 

Although  it  vas  impossible  to  identify  all  fluorescent 
Pseudomonas  spp.  recovered  froro  soil,  it  is  likely  that  most 
were  derived  from  the  isolate  added  initially.  Uithin  this 
ecosystem,  conidia  of  T.  harsianum  must  have  germinated 
readily.  Subsequent  rapid  colonization  of  non-rhizosphere 
soil  and  coot  systems  of  tobacco  by  this  species  may  have 
limited  the  ability  of  the  other  introduced  fungal  species 
to  colonise  these  regions.  Large  populations  of  fluorescent 
Pseudomonas  spp,  also  may  have  hindered  colonization  by 
introduced  fungi.  Reductions  in  coot  surface  colonization 
by  soilboroe  fungi  in  association  with  fluorescent 
Pseudomonas  spp,  have  been  demonstrated  by  Kloeppec  and 
schroth  (43,  44). 

The  lack  of  increases  la  densities  of  introduced  fungi 
and  bacteria  within  the  ecosystem  with  raw  soil  is  difficult 
to  interpret.  lo  non-rhizosphere  soil  the  fairly  constant 
population  densities  of  fungal  species  may  be  related  to 
fungistasis  and  antagonistic  interactions  with  other 
ecosystem  components.  Similar  mechanisms  nay  have  limited 
increases  in  populations  of  fluorescent  Pseudomonas  spp. 

The  influences  of  fungistasis  on  populations  of  soilborne 
fungi  in  general  have  been  discussed  by  Lockwood  (49). 

Steiner  and  Lockwood  (91)  have  reported  correlations  between 
the  sizes  of  fungal  spores  and  sensitivities  to 
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tungistasls.  The  relatively  small  sporas  typically  produced 
by  the  fungal  species  used  in  this  study  likely  nould  have 
been  quite  sensitive  to  such  influences.  Support  of  this 
probability  comes  from  investigations  by  papaviras  at  al. 
(69)  and  Lewis  and  papavizas  (46)  in  which  proliferation  of 
Triehodetma  spp.  and  other  genera  introduced  into  soil  as 
conidia  was  limited  by  a lac)t  of  available  nutrients.  These 
authors  found  that  chlamydospores  and  mycelium  of  various 
fungi  added  to  soil  with  an  attached  food  base  were  much 
mote  successful  in  proliferating  within  raw  soil  amidst  a 
stable  microbial  community,  onfortunately  the  influence  of 
an  increased  food  base  on  germination  of  conidia  In  taw  soil 
was  not  examined. 

It  is  not  lilcely  that  all  conidia  introduced  into  caw 
soli  remained  dormant  or  died,  it  may  be  that  at  any  poiot 
in  time  only  a proportion  of  the  spore  population  germinated 
and  began  to  grow.  Such  low  percentages  of  spore 
gemination  have  been  repotted  for  T.  harzlanum  and  other 
Ttichoderma  spp.  and  Slioeladlum  spp.  (5).  The  fate  of 
actively  growing  organisms  is  uncertain  although  it  would  be 
expected  that  actively  growing  hyphae  would  be  susceptible 
to  various  types  of  antagonistic  interactions  with  other 


Whether  amendment  of  soil  with  nutrients  would  have 
improved  the  efficacy  of  introduced  organisms  in  reducing 
infections  of  roots  by  p.  parasitica  var.  nicotianae  is 
questionable.  The  goal  in  the  present  investigation  was  not 


antagonists  ii 


to  establish  high  densities  of 
non-EhisQsphece  soiir  but  rather  the  intention  was  to 
establish  a stable  conmunlty  of  nilcroorganisins  of  high 
density  in  close  association  with  roots  of  tobacco.  It  has 
been  suggested  that  fungistasis  night  be  reduced  within  the 
rhitosphece  in  response  to  nutrients  released  from  root 
surfaces  (14,  49).  It  nay  be  that  only  a portion  of 
introduced  conidia  need  have  germinated  under  such 
influences  for  the  introduced  fungi  to  have  becone 
established  around  roots.  Similarly  a proportion  of  the 
population  of  introduced  bacterial  cells  may  have  become 
active  under  the  influences  of  released  nutrients  in  the 
vicinity  of  coots.  Intense  antagonistic  interactions  within 
this  region  may  have  limited  development  of  mycelium, 
further  spore  gercninstion , and  bacterial  cell  division; 
thus,  these  interactions  may  have  limited  the  development  of 
large  populations  of  introduced  mlcroorganlscis. 

the  increases  in  densities  of  fungi,  as  determined  by 
plate  counts,  observed  in  association  with  surfaces  of 
first-order  roots  of  tobacco  grown  in  amended  soils 
contrasted  sharply  with  the  laclc  of  influence  of  amendment 
on  surface  coverage  by  fungal  hyphae,  as  determined  by 
direct  microscopic  observation.  However,  the  laclc  of 
alterations  in  surface  coverage  associated  with 
introductions  of  the  particular  fungal  species  in  this  study 
agrees  with  previous  observations  related  to  toot  surface 
colonisation.  The  species  utilized  in  the  present  study 


sucfacea 


u/eie  not  found  to  be  dominant  organisms  on  root 
various  hosts  in  several  earlier  studies  i3l»  70/  02); 
rather  these  species  occurred  predominantly  within 
rhizosphere  soil.  In  most  of  the  earlier  investigations/ 
coots  were  rinsed  for  30  min  prior  to  placing  Co  ensure 
removal  of  all  but  vegetative  fungal  structures.  Roots  of 
tobacco,  however,  were  rinsed  only  for  1 min  prior  to 
removal  of  surface  organisms  using  glass  beads.  Sstimates 
of  high  densities  of  fungi  derived  from  platings  of  root 
surface  suspenaions  in  Che  present  study  likely  resulted 
from  colonies  which  developed  either  fcom  non-germlnated 
conidia  or  conidia  which  had  germinated  but  produced  only 
limited  mycelial  growth.  Such  contrasts  in  estimates  of 
populations  by  Che  two  techoiques  emphasise  Che  problems 
associated  with  interpretations  of  biological  function  from 
population  estimates  made  fcom  plate  counts;  Che  forms  of 
organisms  must  be  considered. 


The  general  patterns  of  population  dynamics  of  P. 
parasitica  var.  nicotianae  in  amended  or  non-amended, 
non-cblsosphere  soil  were  similar  to  observed  reductions 
over  time  in  population  densities  of  this  pschogen  in  other 
field  soils  [38).  However,  populations  of  the  pathogen 
declined  more  rapidly  with  time  in  the  soil  employed  In  this 
study  than  in  soils  tested  in  other  work.  The  Influence  of 
reductione  in  densities  of  this  pathogen  in  non-rhizosphsre 
soil  on  long  term  development  of  tobacco  black  shank  is 
uncertain.  In  particular.  It  ie  uncertain  as  to  how  much 


populations  of  the  pathogen  would  have  to  be  reduced  to 
significantly  ceduce  disease  development.  Densities  of  tne 
pathogen  after  56  days  in  amended  and  non-amended  soils 
varied  between  approximately  2 and  12  propagules  pec  gram  of 
soil.  Reductions  in  population  densities  to  as  low  as  0.1 
propagules  per  gram  of  soil  liXely  would  not  reduce  disease 
incidence;  Kannwischet  and  Mitchell  (401  showed  that  this 
dsnsity  of  Inoculum  was  sufficient  to  cause  501  infection 
and  mortality  of  tobacco.  Densities  of  p.  parasitica  var. 
nieotianae  as  low  as  0.01  propagules  pet  gram  of  soil  have 
been  observed  in  a tobacco  field  prior  to  planting  (20). 
Mortality  of  tobacco  was  observed  within  that  field  later  in 
the  growing  season,  seductions  of  inoculum  densities  of 
this  pathogen  in  non-rhinosphece  soil  to  levels  sufficient 
to  reduce  disease  development  are  not  likely  to  be  achieved 
economically. 

The  introduction  of  a composite  of  microorganisms  into 
soil  may  have  reduced  somewhat  the  colonisation  of  tobacco 
root  systems  by  P.  parasitica  var.  nieotianae.  Although 
significant  reductions  In  the  average  numbers  of  infections 
pec  infected  seedling  were  not  observed  in  association  with 
amendment  of  soil,  the  trends  in  this  direction  were 
encouraging,  significant  reductions  in  the  average  number 
of  infections  pec  infected  seedling  and  efficiency  of 
inoculum  for  iofectlon  mignt  have  been  attained  either  by 
reducing  the  initial  density  of  inoculum  of  the  pathogen  or 
by  increasing  the  period  of  plant  growtn  In  infested  soil. 


The  extension  of  period  of  plant  growth,  however,  likely 
would  produce  difficulties  associated  with  the  logistics  of 
handling  touch  larger  root  systems  and  maintaining  adequate 
replication , 


The  values  of  root  growth  parameters  associated  with 
infected  tobacco  plants  did  not  differ  significantly  from 
values  of  those  parameters  associated  with  non-infected 
plants  within  Che  same  soil  ecosystem.  Nevertheless,  the 
numbers  and  total  lengths  of  first-order  and  second-order 
roots  of  infected  seedlings  tended  to  be  less  than 
correspondiog  numbers  and  lengths  of  those  coots  of  healthy 
plants,  such  differences  may  have  become  significant  with 
longer  periods  of  plant  growth  as  infected  roots  became 
necrotic.  The  trends  towards  alterations  of  patterns  of 
root  growth  appeared  to  be  the  result  of  infection  rather 
chan  colonlaacion  by  Che  introduced  competitors.  This 
conclusion  is  supported  by  Che  observed  significant 

ot  system  development  when 

h the  composite,  as  an  independent 
h significant  alterations  in 
as  not  surprising  that  average 


Influence  of  infection  on  r 
averaged  over  amended  and  n 
soils.  Soil  amendment  w 
effect,  was  not  associated  w 
root  system  development.  It 


total  root  lengths  pec  seedling  varied  in  association  w 
treatment  combinations  in  a manner  similar  to  that  for 
firac-order  and  second-order  roots.  Since  more  Chan  90 


the  total  lengths  comprised  first-order  roots  alone,  it 
would  be  expected  that  changes  in  total  seedling  root  length 


strongly  inflkionced  by  changes  occurriog  within 


As  in  previous  infection  trials  (Chapter  11} , observed 
values  of  parameters  of  root  growth  at  times  fell  outside 
the  951  confidence  intervals  for  expected  values  of  these 

4 days  of  tobacco  growth  (cf.  Table  2-8). 
t growth  most  commonly  were  associated  with 
CCQ  plants  by  p.  parasitica  var. 
vet,  values  of  parameters  of  healthy 
n autoclaved  soil  in  trial  1,  at  times, 
ese  intervals.  Boot  growth  of  healthy 
1 always  fell  within  the  confidence 
a causal  role  for  infection  may  be 


parameters  after  1 
Reductions  i 
infection  of 

seedlings  gr 
also  fell  outside  t 
seedlings  in  raw  so 
intervals,  whether  a 


assumed  as  regards  reduced  root  growth  is  uncertain. 

Further  evaluations  of  this  relationship  after  an  extended 
period  of  plant  growth  in  raw  soil,  in  particular,  are 
required  before  conclusions  may  be  drawn. 

Whether  alterations  in  patterns  of  development  of  root 
systems  associated  with  Infection  in  the  field  may  be 
detected  ia  uncertain,  since  inoculum  densities  of  P. 
parasitica  vat.  nlcotianae  in  the  field  initially  are  very 

infections  of  tobacco  in  such  a setting  likely  would  be 
sporadic  within  individual  root  systems.  Alterations  of 
toot  growth  probably  would  occur  on  a local  basis  around 
points  of  infection  in  association  with  progressive  root 


tissue  colonisation  enanating  Cron  such  infection  points. 
UltlrDStely  neccosis  woulO  limit  growth. 

Further  suggestions  of  efficacy  of  introduced  fungi  and 
bacteria  for  reduced  infection  of  Cotaaccco  by  £.  parasitica 
var.  nicotianae  and  subeeguent  black  shank  development  were 
derived  from  competition  trials  in  the  greenhouse.  Although 
significant  reductions  in  mortality  were  not  observed  in 
association  with  amendment  of  soils  with  microbial  isolates, 
the  trends  were  in  that  direction  in  both  soil  ecosystems. 
The  lack  of  significant  reductions  in  infection  may  have 
been  the  result  of  simultaneous  amendment  and  infestation  of 
soil  with  the  composite  and  the  pathogen  at  the  time  of 
planting.  Further  reductions  in  mortality  may  have  been 
attained  by  colonisation  of  roots  with  competitors  prior  to 


transplant  of  seedlings  into  infested  soils.  In  the  case  of 
simultaneous  amendment  and  infestation  of  autoclaved  soil, 
sufficient  coverage  by  competitors  of  sites  susceptible  to 
infection  may  not  have  been  attained  in  a large  proportion 


^10  50  amended  and  non-amended  autoclaved 

soils  supported  such  a possibility.  Root  systsms  of  a 
smaller  proportion  of  the  host  population  were  protected 
sufficiently  by  rapid  colonisation  by  Introduced  isolates  as 
reflected  by  a lack  of  increase  in  mortality  sufficient  to 


autoclaved  soil.  It  could  not 


be  ascertained  whether  colonisation  of  tobacco  root  systems 


by  antagonists  reduced  or  delayed  initial  infections, 


reduced  the  rate  of  progressive  root  tissue  colonization,  in 
raw  soil  coverage  of  infection  sites  may  have  been  attained 
much  earlier  as  suggested  by  the  significant  reductions  in 
nortality  of  tobacco  grown  in  these  soils  from  levels  of 
mortality  of  plants  grown  in  autoclaved,  infested  soils. 
Hortality  of  tobacco  grown  in  raw  soil  amended  with  the 
composite  was  not  reduced  significantly  from  mortality  of 
plants  grown  in  non-amended,  raw  soil.  Thus,  it  appears 


that  other  microorganisms  within 
involved  in  protecting  tobacco  re 
by  the  pathogen. 


is  ecosystem  also  were 
systems  from  infection 


The  composite  of  fungi  and  bacteria  evaluated  within 
these  trials  was  comprised  of  organisms  selected  for  rapid 
colonization  of  root  systems  of  tobacco.  It  is  not  known 
what  other  antagonistic  traits,  if  any,  might  have  been 
carried  with  Che  isolates  introduced  into  soil.  Improvements 
in  the  performance  of  a composite  might  be  obtained  by 
further  screening  of  selected  isolates  for  other  traits  of 
antagonism  or  by  selections  of  isolates  known  to  colonise 
additional  critical  regions  of  the  ecosystem.  Additionally, 
the  efficiency  of  colonization  of  root  systems  by  introduced 
organisms  might  be  improved  by  the  use  of  more  appropriate 
propagules  of  these  organisms.  Such  considerations  might  be 
necessary  especially  for  manipulations  of  micrnbial 
populations  in  ecosystems  with  caw  soil. 


CHAPTER  V 

SUMMARY  AMD  COUCU06I0US 

A nuinbec  o£  soilbotne  fungi  and  bacteria  have  been 
evaluated  for  antagonlaai  against  Phvtoehthora  spp.  by  the 
use  of  in  vitro  assays.  Many  of  these  cnicroorganisms  have 
proven  to  be  antagonistic  to  pathogens  either  through  the 
production  of  antibiotics  or  through  hyperpaiasltisra  (51, 

67) . Evaluations  of  these  antagonistic  isolates  foe  control 
of  diseases  caused  by  Phytophthora  spp.  have  been  few  and 
empirical  in  nature.  Trials  have  involved  measurements  of 
disease  development  in  host  plants  grown  in  soil  or  other 
media  amended  with  Individual  antagonistic  isolates.  Little 
insight  has  been  provided  as  to  reasons  for  Che  success  or 
failure  of  particular  isolates  in  reduoing  development  of 
d isease , 

In  the  present  Investigation  of  black  shank  of  tobacco 
(Micotiana  tabacum  L.) , an  analytical  approach  was  utilised 
to  evaluate  pathosystem  behavior.  The  system  was  broken 
Into  components  Including  populations  of  the  pathogen,  host 
roots,  and  sucrounding  soilborne  microorganiams.  The 
behaviors  of  individual  components  and  interactions  between 
them  were  ekamlned.  it  was  of  particular  interest  to 
evaluate  the  ability  of  an  introduced  composite  of 
microorganisms  to  colonise  sites  susceptible  to  Phytophthora 
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parasitica  Daat.  var.  nicotlanae  (BreiSa  da  Haan)  Tuclfec 
within  root  eystens  o£  tobacco  and  to  protect  such  sites 
from  infection. 

To  quantify  component  behaviors  and  intecactlons , 
assays  were  developed  which  were  rapid  and  repeatable. 
Developnent  of  root  systems  of  tobacco  was  analysed  by  Che 
use  of  the  motphometcic  root  analysis  system  (21J . This 
system  was  appropriate  for  quantification  of  the  development 
of  root  tissues  in  relation  to  susceptibilities  to  infection 
hy  P.  parasitica  vat.  nicotlanae.  Initial  trials  conducted 
in  a plant  growth  toom  revealed  that  Che  development  of  root 
systems  of  Che  susceptible  tobacco  cultivsc,  Hicks,  was 
slmilat  to  that  of  the  cesiscant  tobacco  cultlvac,  Speight 
e-J8,  during  15  days  of  plant  growth  in  both  stable  and 
disrupted  soil  ecosystems  reptesented  by  raw  and  autoclaved 
soils,  respectively.  The  numbers  and  total  lengths  of 
various  root  orders  did  not  differ  significantly  between 
oultivars.  However,  It  appeared  that  with  additional  plant 
growth,  differences  may  have  become  apparent.  Ultimate 
ettuctures  of  root  systems  appeared  to  be  determined 
partially  by  Che  rates  of  root  multiplication  and  extension. 

Numbers  and  total  lengths  of  elements  of  first-  and 
second-order  toots  Increased  exponentially  over  time.  Such 
patterns  of  increase  are  typical  of  those  which  have  been 
observed  for  other  plants  during  early  stages  of  growth  (21, 
35,  50),  AC  later  stages  of  plant  development,  Che  cates  of 
root  system  development  actually  may  decrease  in  association 


shifts  [tom  vegstative  to  rspcoductlve  phases  of  growth 


(35)  . 


The  development  of  toot  s/stems  of  tobacco  was 
controlled  to  variable  extents  for  the  two  cultivars 
examined.  Growth  of  toots  of  Speight  G-28  tobacco,  in 
particular,  was  vary  consistent  over  trials.  Boot  growth  of 
Hicks  tobacco  was  mote  variable  over  trials,  possibly  in 
relation  to  greater  variability  in  sixes  of  seedling 
transplants.  Greater  control  of  the  development  of  root 
systems  of  tobacco  might  be  attained  If  plants  are  Initiated 
from  seed  screened  for  uniformity. 

The  patterns  of  early  coot  system  development  were  not 
alteced  significantly  by  Infection  with  p.  parasitica  vat. 
nlcotienae.  Infected  roots  of  tobacco  could  not  be 
distinguished  by  appearance  from  noninfected  tootsj 
experiments  were  halted  before  e 


colonisation  by  the  pathogen  and  necrosis  had  occurred. 
Despite  the  lack  of  significant  alterations  in  coot  growth 
associated  with  infection,  there  was  a trend  towards  reduced 
numbers  and  lengths  of  coots  of  infected  plants  as  compared 
Co  healthy  plants.  With  time,  differences  may  have  become 
apparent. 


Differences  in  the  development  of  root  systems  in 
association  with  infection  by  P.  parasitica  var . nlcotianae 
in  field  situations  would  be  more  difficult  to  detect.  In 
that  setting  contact  between  coots  of  tobacco  and  propagules 
of  Che  pathogen  initially  would  occur  infrequently  because 


Inoculura  densities  of  Che  pathogen  ate  extremely  low. 

During  the  period  of  initial  root  tissue  colonization  by  the 
pathogen,  any  alterations  in  coot  growth  likely  would  be 
evident  locally  in  association  with  points  of  infection. 

Such  alterations  would  be  difficult  Co  perceive  in  relation 
to  Che  eotize  plant  root  system. 

The  incidences  of  plant  infection  and  average  numbers 
of  infections  per  infected  seedling  were  similar  for 
resistant  and  susceptible  tobacco  culcivars  in  stable  and 
disrupted  soil  ecosystems.  The  efficiencies  of  inoculum  for 
Infection  were  very  lew  and  thus  implied  infrequent 
successful  contact  between  susceptible  root  tissues  and 
propagules  of  the  pathogen  during  the  14  days  of  their 
interaction.  Results  of  point  inoculation  trials  suggested 
: susceptible  root  tissues  may 

pathogen,  within  intact  root 


also  that  infection  of  the  r 
not  be  completely  efficient 
contact  with  propagules  of  t 
systems,  the  zones  just  behind  root  tips  i 
susceptible  to  infection  by  parasitica 
over  73%  of  these  tissues  were  infected  wl 
small  numbers  of  zoospores.  Percentage  ol 
declined  rapidly  with  increasing  maturity 
points  of  inoculation.  The  small  number  c 
applied  as  inoculum  at  individual  points  represented  the 
situation  likely  to  be  encountered  in  normal  field 
situations.  Inoculum  available  at  sites  of  Infection  likely 


vac.  nicotianaei 
len  inoculated  wit 
: infection 

)f  zoospores 


3 be  restricted  t 
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or  zoospoores  released  Croin  sporan9ia.  Prior  to  this  study, 
most  investigations  had  focused  on  demooBtrating 
aggregation,  encystjnent,  and  infection  by  zoospores  behind 
root  tips  by  immersion  of  roots  into  dense  aupensiona  of 
zoospores  (26,  26,  60,  6S]  . 

Comparisons  were  made  as  well  between  patterns  of 
development  of  microbial  communities  associated  with  root 
systems  of  Hicks  tobacco  developing  in  stable  and  disrupted 
soil  ecosystems,  patterns  of  colonization  by  soilbnrne 
microorganisms  were  complex  and  dynamic.  Generally  the 
diversity  of  organisms  associated  with  tobacco  roots  was 
greater  in  raw  soil  than  in  autoclaved  soil.  This  was 
obvious  particularly  in  terms  of  the  densities  and  types  of 
fongi  which  colonized  root  systems  in  the  two  soil 
ecosystems,  colonization  of  sutfaces  of  first-order  roots 
by  fungi  was  more  extensive  in  the  stable  soil  ecosystem 
than  in  the  disrupted  system;  the  average  length  of  fnngal 
hyphae  and  density  of  hyphae  at  occupied  points  was  greater 
In  association  with  roots  in  the  former  ecosystem. 

Colonized  regions  along  root  surfaces  were  more  patchy  or 
aggregated  within  the  disrupted  soil  ecosystem.  Patterns  of 
colonization  along  root  surfaces  remained  fairly  constant 
over  time,  as  would  be  expected,  since  samples  at  each  date 
were  taken  from  tissues  of  similar  physiological  age. 

A group  of  fungi  and  bacteria  which  colonized  roots  of 
tobacco  rapidly  and  stably  in  raw  soil  was  evaluated  for  its 
ability  to  compete  with  P.  oarasitica  vat.  nieotianae  for 


occupation  oC  sicea  susceptible  to  infection  by  the 
pathogen.  The  composite  of  organisms  comprised  one  candomly 
selected  isolate  each  of  Trichoderma  haraianum.  Aspergillus 
carbonarius,  Aspergillus  terreus.  Penicilliun  stecJtii,  and 
Pseudomonas  putida . Amendment  of  soil  with  propagules  of 

recoverable  propagules  of  total  fungi  and  fluorescent 
pseudomonas  spp.  within  rhiaospheres  and  at  root  surfaces  of 
tobacco  and  in  non-rhitoephere  soil  within  stable  and 
disrupted  soil  ecosystems  as  determined  by  soil  plating.  A 
lack  of  observable  alteration  in  extensiveness  and  density 
of  root  surface  colonization  by  fungal  hyphae  suggested  that 
most  propagules  of  the  composite  fungi  in  that  region 
consisted  of  recently  germinated  or  non-germinated  conidia. 
In  competition  trials  amendment  of  infested  soils  with  the 
composite  of  isolates  was  not  associated  with  reductions  in 
numbers  of  Infectioos  observed  per  infected  Hicks  tobacco 
seedling;  similarly,  incidence  of  plant  Infection  was  not 
teduced  in  association  with  soil  amendment.  Despite  the 
Lack  of  significant  reductions  in  infections  associated  with 
soil  amendment,  trends  in  this  direction  were  observed. 
Again,  with  sufficient  time,  significant  differences  may 
have  become  evident.  As  in  earlier  infection  trials,  the 
development  of  root  systems  of  Hicks  tobacco  was  not  altered 
significantly  in  association  with  infection  by  the  pathogen 
within  individual  soil  ecosystems.  Similarly,  amendment  of 
soil  with  the  composite  of  microorganisms  did  not  influence 
root  system  development. 


population  densities  of  2*  parasitica  var.  nlcotianae 
declined  rapidly  over  time  in  raw  and  autoclaved  soils 
amended  or  not  amended  with  the  composite  of 
microorganisms.  Densities  of  the  pathogen  did  not  differ 
significantly  between  ecosystems  at  any  sampling  date.  The 
importance  of  reductions  in  densities  of  the  pathogen  in 
non-thizosphere  soil  to  disease  development  in  the  field  is 
uncertain.  Kannuischet  and  Mitchell  140)  repotted  disease 
incidence  and  mortality  of  504  when  tobacco  plants  were 
grown  in  soil  infested  with  approximately  0.1  chlamydospote 
of  the  pathogen  per  gram  of  soil.  Reductions  of  densities 
of  the  pathogen  to  levels  lower  than  this  by  soil  amendment 


In  greenhouse  trials  amendment  of  infested  soil  with 
the  composite  of  isolates  resulted  in  decreased  mortality  of 
tobacco  after  90  days  of  plant  growth)  differences,  however, 
were  not  significant.  Lack  of  control  of  black  shank  in 
this  trial  may  have  been  associated  with  simultaneous 
infestation  of  soil  with  the  pathogen  and  amendment  with  the 
composite,  occupation  of  Infection  sites  by  competitors  may 
not  have  been  sufficient  to  preclude  the  few  infectious  by 
the  pathogen  which  would  have  been  required  to  kill  the 
tobacco  plants.  Greater  control  may  have  been  attained  if 
tobacco  coot  systems  had  been  colonized  with  the  composite 
prior  to  transplanting  into  infested  soil. 
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The  information  provided  in  this  series  o£  experiments 
has  laid  the  groandwork  for  further  analytieal  evaluations 
of  interactions  between  components  of  the  black  shank 
pathosystem.  The  use  of  the  morphometric  model  of  root 


system  development  provided  a method  with  which  to  evaluate 
availability  of  coot  tissues  to  infection  by  parasitica 
var , nicotianae  over  time.  The  use  of  Lloyd's  indices  of 
mean  crowding  and  patchiness  provided  a means  to  evaluate 
colonisation  of  root  aurfaces  by  fungi.  Yet  more 
information  is  needed  in  regards  to  colonisation  of  tobacco 
roots  by  p.  parasitica  var.  nicotianae  after  initial 
infection.  The  development  of  such  approaches  for  analysis 
of  pathosystem  behavior  in  situ  is  important.  By  utilizing 
such  approaches,  comprehension  of  pathosystem  function  may 
be  increased  through  reductions  of  artifacts  associated  with 
In  vitro  approaches. 


The  composite  of  microorganisms  analysed  in  these 
studies  was  selected  strictly  on  the  basis  of  rapidity  of 
site  occupation.  Occupation  of  sites  to  reduce  infection  by 
P.  parasitica  var.  nicotianae  appeared  to  be  partially 
successful  in  stable  and  disrupted  soil  ecosystems.  It  is 
not  known  if  these  isolates  possessed  other  traits  of 
antagonism  as  well.  A next  logical  step  would  involve 
further  screening  of  Isolates  which  colonize  coots  rapidly 
for  expressions  of  additional  antagonistic  traits.  It  would 
be  worthwhile  as  well  to  select  organisms  which  colonise 
root  surfaces  more  effectively  to  mote  completely  occupy 
important  niches  within  the  ecosystem. 


with  the  foundation  that  has  been  laid,  this  system  may 
be  used  to  investigate  the  contributions  of  numerous 
environmental  factors  and  cultural  practices  to  pathosystem 
behavior.  It  should  be  helpful  in  isolating  components  and 
component  interactions  which  are  influenced  by  such 
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